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PREFACE. 

HYDRAULIC ENGINEERING. 
In the first edition of the ** Eudimentary Treatise 
on Civil Engineering," the plan upon which the whole 
subject was treated had been drawn up on such prin- 
ciples as to render necessary, in a manner, the dis- 
cussion of many questions connected with the science 
of Hydraulic Engineering in the general body of the 
work. It would, perhaps, be difficult to define exactly 
the limit of demarcation between the duties of the 
civil and of the hydraulic engineer, if indeed any 
distinction between the two professions be recognised ; 
so that even in reproducing the portion of the Treatise 
especially devoted to the latter division of the subject, 
in a separate form, much of the original confusion 
must still exist. An attempt has, however, been made 
to bring together in the following pages the considera^ 
tion of the bulk of the subjects especially connected 
with building in water, or with the applications of that 
fluid ; and, to some extent, to make this Budimentary 
Treatise, as far [as possible, complete in itself. But it 
must be observed that, firstly, the discussion of such 
subjects as those of bridge building would involve a 
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repetition of a large portion of the work already so 
well performed by Mr. Law; and, secondly, that the 
enquiry into the best methods of improving rivers, or 
of establishing canals, or into the laws of the resistance 
and movement of fluids, would lead to such an exten- 
sion of this Treatise, as to render it advisable to 
depart, in some cases, even from this more recent pro- 
gramme. It is for these reasons, therefore, that the 
reader is still referred to Mr. Law's "Eudiments of 
Civil Engineering " for the technical details connected 
with bridge building; and that Mr. Weale has re- 
quested me to devote separate Treatises to some of 
the other branches of hydraulic engineering whose 
importance appeared to warrant the distinction ; but, 
nevertheless, it has been my object to render the whole 
work as uniform and complete, and as free from repe- 
titions, as possible. 

It is far from being my intention to claim any merit 
on the score of the originality of the following pages. 
Indeed it is more than questionable, whether the 
author of a Eudimentary Treatise be entitled, under 
any circumstances, to venture' upon the insertion, in 
such works, of opinions, or of doctrines, which are 
susceptible of dispute. It is his province to record 
the universally received s^heories on the subjects he 
treats, and he is thus debarred from the expression of 
opinions which may hereafter be proved to be incorrect. 
With such convictions then, I have carefully avoided 
the introduction of controverted doctrines, and have 
unhesitatingly resorted to the common fund of scientific 
knowledge to be found in the writings of the most 
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esteemed authors. Wherever it has been possible the 
names of those authors have been quoted; but no 
doubt many involuntary omissions have been made in 
this respect. The names of the authors consulted in 
the preparation of this work are, therefore, added in a 
special Appendix ; and the more importance is to be 
attached to this list, inasmuch as it wiU (it is hoped) 
serve to guide the student in his future reading. 
There is great truth in the maxim, ** Scire ubi aliquid 
invenire possis, maxima pars scientise est;" and it 
may be that the insertion of the Bibliography of 
Hydraulic Engineering would enable the reader to 
supply the deficiencies of this work itself. It happens 
that the majority of the best books on subjects con- 
nected with hydraulics generally are written in foreign 
languages ; and perhaps it may be to this fact, that we 
owe the singular ignorance of educated Englishmen 
upon the subject. A series of translations, like Mr. 
Bennett's able translation of d'Aubuisson's Hydrau- 
lique, would be of great value, and might induce even 
our legislators to pause before they meddled with 
subjects they are apparently so little able to compre- 
hend. In the meantime a mere list of these authors 
will be of use. 

That, in fact, our legislators are often misled in 
these matters, must be evident to any one who recalls 
the history of the " Sanitary Movement," as it is 
called, within the last few years. It would be difficult 
to say how this unfortunate tendency is to be eflfectually 
combated ; but, at any rate, it is the duty even of the 
writer of a Budimentary Treatise, to call attention to 
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the most flagrant of the mistaken theories whiek pre- 
Tail in high, or autkoritatiye, quarters. In the sections 
of the following little work devoted to the consideration 
of town sewerage^ and town water supply^ an attempt 
has therefore been made to divert public attention 
from the incorrect doctrines lately promulgated " by 
authority'' on such subjectSy and to direct that atten- 
tion to the writings of the men who really knew some- 
thing of the laws (both natural and municipal) which 
affect those branches of hydraulic engineering. Of 
course it would be impossible to exhaust such inv^ti* 
gations in a merely preliminary treatise ; and for this 
reason again, it has become important to place before 
the public such indications of the best sources of 
information, as may enable it to complete what may 
herein be deficient. The necessity which unfcnrtunately 
exists for attacking some of the doctrines recently pro- 
pounded by the very branches of administration which 
profess to " guide public opinion," may, however, give 
to some portions of the following work somewhat of a 
controversial nature. This is much to be regretted ; 
and, as far as possible, I have sought to avoid such 
discussions, and have only introduced them when it 
appeared to be absolutely necessary so to do, in order 
to resist the diffusion of mischievous error. Singularly 
enough one of the members of a recent ministry was 
actively concerned in the promulgation, in a neighbour- 
ing country, of some of the absurd nonsense with 
respect to these subjects of sewerage and water supply 
which has cost us so very dear. It behoves all 
engineers, then, to record their protest against the 
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theories and practices so reconmiended, and to save 
othfirs^ if possible, from Uie bitter disappointment 
which they would infallibly encounter if they followed 
such blind guides. Besides this cosmopolitan motive 
for alluding to the errors of our rulers, it is now, more 
than ever, important to induce the public to revert to 
sound doctrines on many points connected with the 
application of the physical sciences ; for the evil con- 
sequences of the mistaken principles lately applied to 
town sewerage especijdly, are beginning to produce 
fearfal results. The state of the Thames and of 
many of our great rivers, indeed, is such as to inspire 
well-founded apprehension, and also, I fondly hope, an 
earnest desire on the part of the public to hear any 
conscientious opinion as to the measures requisite, 
either for the prevention, or for the remedy of evils so 
imminent, and so enormous. 

In this edition of the Rudiments of Hydraulic 
Engineering, an attempt has been made to embody 
our present knowledge of the Chemistry of Building 
materials with the other portions of the theory of that 
branch of the profession. This section is, in fact, 
little else than a condensation of a paper read by 
myself at the Institute of British Architects, and of 
an article on Atmospheric influence inserted in the 
" Dictionary of technical terms/* published by the 
Architectural Publications Society. It is avowedly 
incomplete ; because hitherto very little attention has 
been devoted to the subject, and there is little satis- 
factory knowledge thereon to be discovered in the 
best treatises on Engineering. The insertion of this 
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section may therefore, it is hoped, call the attention of 
more able enquirers to an investigation of such vital 
importance. Of late years also the operations of both 
English and Foreign well sinkers have thrown so much 
light on the subject of the internal constitution of the 
Globe as to render it desirable to extend the short 
notice originally given upon Artesian wells ; and the 
brilliant success of the operations of the Belgian 
Government in the irrigation of the Campine, and of 
the late East India Company in its dominions, has 
appeared a sufficient justification for the references to 
them. With all possible care and attention, however, 
a work of such a wide range as a Budimentary Treatise 
on Hydraulic Engineering must ever be incomplete ; 
and, at best, its only merits must consist in the earnest 
endeavour of its writer to place before the student, in 
an intelligible form, the truest statement of the uni- 
versally admitted laws affecting that noble profession. 



HYDRAULIC ENGINEERING- 



CHAPTER I. 



1. The details of Engineering practice which are 
connected either with the application of water, or 
with the resistance to its effects, have usually been 
considered to form part of an important subdivision of 
the general body of the sciences applied to that pro- 
fession; and they have been distinguished by the 
specific name of Hydraulic Engineering. Very strong 
objections might be raised to this name, for its deriva- 
tion would certainly indicate that it cannot logically be 
applied to the bulk of the subjects which it has been 
made to express ; but the use of the word, in the sense 
referred to, is now so general that there would be 
danger in attempting to alter it, or to substitute another 
in its stead. In the following treatise, therefore, the in- 
quiry into the principles of Hydraulic Engineering 
will be considered to include the discussion of the 
various questions connected with building in water for 
whatever purpose, and also of those connected with 
the use of water commercially, agriculturally, or for 
municipal requirements. It will thus be necessary to 
examine, with more or less detail, the principles to be 
observed in the construction of bridges, canals, docks, 
harbours, lighthouses, sea walls, &c. ; in the execution 
of works of drainage, warping, irrigation, sewerage, 
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3 HYDROSTATICS. 

water supply, river improvement, reglaiming of land, 
&c. ; or, in fact, to investigate the various circum- 
stances under which it may be necessary to resist, to 
control, or to distribute water. 

2. The hydraulic engineer, as the term is above 
explained, is thus called upon to ascertain the mecha- 
nical laws, and the chemical or physical properties of 
water, and of the various materials exposed to its 
action. Before, therefore, directing attention to the 
practical details of the various descriptions of work 
named above, it is expedient to state briefly the laws and 
properties thus referred to, or to give a slight sketch of 
the sciences of hydrostatics, hydraulics, pneumatics, 
and of some parts of that of applied chemistry. 

HYDROSTATICS. 

3. Under the generic name of Hydrodynamics are 
included, firstly, Hydrostatics, or the laws of the 
pressure of water when at rest; and secondly. Hydrau- 
lics, or the laws of water in movement. Water is 
considered, in the reasoning usually adopted upon 
these subjects, to be an incompressible fluid, and its 
molecules are assumed to exist in a state of cohesion 
so slight that they are susceptible of being moved in 
any direction (unless restrained by external objects), 
without experiencing any sensible resistance. By the 
addition, or subtraction, of heat water changes its 
physical condition ; becoming, in the former case, an 
elastic and compressible vapour ; and, in the latter, a 
solid body, subject to all the ordinary laws of such 
bodies. Hydraulic engineering is principally confined 
to the operations in which water acts as an incompres- 
sible fluid, although occasionally it is essential to take 
into account the various effects produced by, or attend- 
ing, its changes of state. 



A 



HYDROSTATICS. 3 

4. Perfectly pure water at its maximum density 
(which takes place when the temperature is 39*2° Fah- 
renheit), weighs 62 lbs. 5 oz. per cubic foot ; and its 
specific gravity is usually considered to be represented 
by that quantity. Above 39*2° water gradually and 
slowly diminishes in its specific gravity with great 

I regularity ; and a similar diminution, but of a more 
/ irregular character, takes place when the temperature 
falls below the point so named. If the specific gravity 
of water-at 39*2° be taken as unity, that of water at 122° 
will be 0-98768, and that of water at 212° will be 
0*95670 ; whilst the specific gravity of ice itself does 
not exceed 0*930. It is in consequence of this decrease 
in the specific gravity of ice, below that of water, that 
the former rises to the surface, and thus to some extent 
protects the water beneath it from frost. 

5. The salts which are contained in water affect its 
specific gravity to a trifling extent in ordinary spring or 
river waters, and to rather a more appreciable extent in 
those of the sea. \ Taking distilled water as the type, 
Ifiltered river water, when free from mechanical im- 
I purities, does not differ from it in weight to the extent 
• of more than from 1 to 2 parts in 10,000. Some accu- 
rate observations made upon the waters of the Garonne 
showed that its waters had a specific gravity of 1*00014 ; 
and similar observations upon the waters of the Seine 
gave as nearly as possible the same results. Kivers, 
such as the Nile during the floods, or the Ganges when 
at the full, bring down remarkably large quantities of 
alluvial matter ; and indeed it would appear, from the 
observations of Mr. Piddington, that the mean specific 
gravity of the latter, as compared to that of pure 
distilled water, is not less than 1"00153. Sea water is, 
however, still heavier ; its specific gravity is at times 
1*028, and a cubic foot weighs 64 lbs. 2joz. 

B 2 



4 HYDBOSTATICS. 

6. In stating above that water is incompressible, it 
must be understood that the term is only applied in a 
practical sense. Water is in fact compressible, but 
so very slightly, that the diminution under the pressure 
of one atmosphere is only about O'OQfip^Q of itq 
original volume. It hardly ever happens that the 
operations of hydraulic engmeers are carried on 
under circumstances to render it necessary to notice 
this variation in the density of water ; and, indeed, 
insomuch as water does not vary in its specific gravity 
at ordinary temperatures, or under ordinary mechanical 
conditions, within a wider range than 0*9984 or 0*999 
of its normal gravity taken as unity, there can be no 
reason for considering it otherwise than as a fluid of a 
uniform character possessing the following mechanical 
properties, j 1, It is incompressible ; 2, its molecules^ 
j are susceptible of free motion in every direction ; 3, 
I it communicates equally throughout its mass, the pres- 
' sure exercised upon any particular point; 4, in any 
definite liquid mass any molecule supports in every 
direction a pressure equal to the weight of a vertical 
column of similar molecules, starting from it, and con- 
tinuing to the surface of the liquid. From the latter 
property of incompressible fluids many important laws 
of hydrostatics are derived; these are, 

a. Every layer, or- horizontal film of a homogeneous 
liquid mass, supports an equal pressure on every part 
of its surface ; 

h. The sum of the pressures supported by any hori- 
zontal film is equal to the weight of the liquid cylinder 
or prism, whose base is the surface of the layer, and 
whose height is the distance from this layer to the 
upper surface of the fluid mass ; 

c. The pressure exercised upon any portion of a^ 
containing surface, whether horizontal, vertical, orj 
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inclined, is perpendicular to that surface ; for the / 
pressure must be resisted hj the. containing body, and J 
the surface of the latter can only resist perpendicularly' 
to its own direction; the pressure thus exercised ig 
equal to the weight of a liquid colipnn having for its 
base the portion of the surface under consideration, 
and for its height the distance from that portion to the 
surface of the fluid ; 

d. The pressures being equal upon all the points of 
the lower horizontal surface of a vessel containing a 
fluid, the total pressure supported by that surface is 
equal to that of the column whose base is the surface 
itself, and whose height is the distance between it and 
the upper surface of the fluid : so that this pressure 
would remain the same whatever were the form of the 
vessel, provided that the area of the bottom, and the 
height of the liquid did not vary, 

7. The above laws furnish the means for calculating 
the resistances which vases, or containing substances 
must offer to the pressure exercised upon them by a 
fluid. Thus : when a vase with a circular horizontal 
section, small in proportion to the height, contains 
water, each horizontal ring is pressed, on all its points, 
by the column of water above it. Now, as in the case 
when all the points of a circle are equally pressed in 
an outward direction, the effects of this pressure to 
force out the containing sides of the circle are propor- 
tional to the intensity of the force acting upon each 
point, and to the radius of the circle itself, it follows 
that the effort of a fluid to burst a circular vase is 
proportional to the distance of the ring under con- 
sideration from the surface, and to the radius of the 
vase. Evidently, under these circumstances, the thick- 
ness of the containing sides of the supposed cylindrical 
vase ought to be increased in proportion to the depth 
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of the fluid, if it were only desired to make them barely 
in excess of the theoretical dimensions. When the 
shape of the vase, instead of being cylindrical, is that 
of a cone with the larger diameter downward, the forces 
which tend to produce rupture, increase not only with 
the depth but also with the diameter at the level con- 
sidered; and in this case the thickness of the contain- 
ing sides woiild require to be increased in the lower 
portions over that which would have been necessary 
had the vessel been circular, and ' of the small upper 
diameter, instead of being conical. If, therefore, in a 
large vase of this description, a uniform thickness be 
given which is sufficient to resist the effort exercised 
upon the bottom, it will be in excess of the thickness 
absolutely required at the top. 

8. In fact, the tangential force exercised by a fluid 
upon the sides of a vase may be represented algebrai- 
cally by the simple expression BA; in which R=the 
radius, and h=^ihe vertical pressure supported by the 
surface of the ring. The thickness necessary to resist 
this force must, therefore, be such as to present a 
resistance greater than the effort R h, under any cir- 
cumstances; whether those circumstances arise from 
an accidental increase of pressure, or from a diminu- 
tion of the original resistance of the materials of the 
vase, by oxidation or by any other cause. 

9. It is often necessary to ascertain, not only the 
total value of the pressure exercised against any defi- 
nite portion of the surface of a vessel containing a 
fluid, but also the point of application of the resultant 
of the various pressures to which that surface may be 
exposed ; for this would evidently be the point to which 
it would be desirable to apply a resistance which should 
be able to counteract the first-named forces. This point 
is known by the term of the " centre of pressure." 
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10. Now, it must be evident that if the pressures 
exercised upon the different portions of the surface 
were co-equal, the centre of pressure would coincide 
with the centre of gravity of the surface ; but as the 
pressures vary with the distance from the surface of 
the fluid, the centre of pressure is always below the 
centre of gravity. It is found, in fact, that the centre 
of pressure against a rectangular plane surface, whose 
upper side coincides with the surface of the water, 
exists upon the line joining the horizontal surfaces, at 
a distance of two-thirds of its height from the top ; or 
calling X the centre of pressure, I the height of the 
rectangle measured on the line joining the middle 
points of its horizontal bases, a;=f Z. The centre of 
pressure of a triangular surface, whose base is hori- 
zontal and upon the upper water line, is in the middle 
of the line joining the summit with the horizontal 

base ; or, a:=— . The centre of pressure of a triangle 

whose summit is at the water line, and whose base is 

horizontal and at the lower level, is on the line joining 

the summit to the middle of the base, and at three- 

3i 
fourths of the distance from that summit; or it;=--- 

4 

11. Should the surface of the bottom of the con- 
taining vessel not be horizontal, as it has hitherto been 
supposed to be, the pressure exercised upon it will be 
ascertained by multiplying the area into the depth of 
the centre of gravity of the irregular surface from the 
upper surface of the fluid. It must be borne in mind, 
in all calculations of this description, that whatever be 
the pressure upon the sides of any vessel, ascertained by 
the laws given above, the pressure upon the bottom is 
equal to the weight of the whole fluid acting upon it ver- 
tically. In close vases, also, if any pressure be applied 
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to the surface of the fluid they may contain, every pro- 
portion of the sides and bottom would be affected by it. 
It is of the utmost importance that attention should be 
paid to these laws in calculating the dimensions of 
constructions intended to hold or to resist the action of 
large bodies of water, such as reservoirs, sluices, &c. ; 
and it may be convenient to remember, that the pres- 
sure of fresh water is nearly 13 lbs, upon every square 
inch of horizontal surface at the depth of 30 feet, and 
so in,proportion for greater or less depths of water. 

12. If still water be contained in vessels communi- 
cating freely with one another by means of tubes or 
passages of considerable dimensions, evidently the 
equilibrium of pressure cannot exist unless the water 
stand at the same level in all of them ; or, in other 
words, the pressure arising from the weight of a fluid 
being proportional to its height, and being equally 
transmitted in every direction, the surface must always 
be at the same level in all vases communicating vrith 
one another. It is upon this law of the equilibrium of 
liquids in communicating vessels that the details of 
works for the connection of reservoirs are calculated. 

13. But the law in question only holds good when 
the communication is of considerable sectional area, 
and the water is retained in the supposed vessels : 
when the passage is very small, the equilibrium 
becomes affected by a new power, known by the name 
of "the capillary action.'* This action may, indeed, 
be observed whenever a body is immersed in water, for 
the latter either rises or falls round it ; and, according 
as the body may be raised or depressed, the water 
itself assumes a concave or convex form. There are 
few substances in nature which do not possess the 
power of producing this phenomenon : polished steel 
is however one of the most remarkable exceptions. 
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and when a bar of that metal is plunged into water, 
the fluid retains its level at the point of contact with 
the surface of the steel. But, of course, the effects of 
capillary action are only feebly displayed when the 
exposed surface of the fluid is comparatively large ; 
indeed, the very term capiUary action (or that variation 
of the ordinary laws of Hydrostatics observable in 
small tubes whose diameters do not much exceed the 
dimensions of a hair), implies that it takes effect 
principally in small tubes. 

14. In fact, the energy of the capillary action depends 
very much upon the form, distance apart, and disposi- 
tion of the sides of the tubes which excite it. In minute 
cylindrical tubes, for instance, it is greater than it is in 
prismatic tubes,; and in both descriptions it is greater 
than when the action takes effect between parallel 
plates. The elevation, or depression, in cylindrical 
tubes is in the inverse ratio to their diameter; in pris- 
matic tubes it is in the inverse ratio of the wet contour 
of the horizontal section ; whilst in the case of parallel 
plates, it is in the inverse ratio of their distance 
asunder. The surface of the fluid between the plates 
is perceptibly a demi-cylinder, with a semicircular 
base, whose axis is horizontal ; in a cylindrical tube 
the surface is that of a demi-sphere, whose diameter is 
equal to that of the tube itself. 

15. Minute as the effects of capillary action may 
appear to be to a casual observer, they are of the 
greatest importance in many branches of physical 
science, and even practically they merit greater atten- 
tion than they usually receive from engineers, or archi- 
tects. Thus, for instance, the capillary actions which 
take place in building materials have a very perceptible 
influence upon the durability of the latter, and these 
may be observed to disintegrate the most rapidly at 

B 3 
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the limits of the capillary actions. In the cases of 
sea, or river, walls backed up with earth, the capillarity 
of the earth causes it to take up water, and thus to 
become increased in weight ; so important, indeed, does 
this consideration become, when the walls in question 
are exposed to the influence of tides, that it becomes 
necessary to allow for the thrust of the earthwork, on 
the supposition of its being a semi-fluid denser than 
the earth itself in its dry, or normal, condition. Many 
failures of wharf, or of retaining, walls have occurred 
from the neglect of this apparently self-evident law. 

16. If a body be immersed in a fluid it is necessary, 
in order that it may remain in equilibrium, that-7-l, its 
weight should be equal to that of the fluid displaced ; 
2, ihe centre of gravity of the body and of the dis- 
placed" fluid should be upon the same vertical line ; 
and 3, the centre of gravity of the body should be as 
low as possible. The two first conditions evidently 
result from the fact that the weights of the body and 
of the fluid act as parallel forces, which can only 
destroy one another when they are equal and are 
directed in the same line ; the influence of the last 
condition of stability arises from the law by which the 
centre of gravity of any body has an invariable ten- 
dency to assume the lowest position. 

17. When, however, the body, instead of being 
entirely immersed, floats upon the surface of the fluid, 
the conditions of equilibrium are virtually the same as 
they are in the latter case ; for the body tends to sink 
by its own weight, and to rise by the pressure which 
the fluid exercises upon the portion of its surface sub- 
merged — this pressure being evidently equal to the 
weight of the fluid displaced, and considered to be 
applied at its centre of gravity. It follows from this, 
that in order that a body may float upon the surface of 
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a fluid, its weight must be less than the weight of an 
equal volume of the latter. Should the body and the 
fluid actually be in a state of equilibrium, the weight 
of the fluid displaced must therefore be equal to the 
total weight of the body ; and the centres of gravity of 
both the liquid displaced and of the body displacing it, 
must be in the same vertical line. The equilibrium 
will only be stable when the centre of gravity of the 
body is lower than that of the fluid displaced by it. 

18. In works upon physical science, the term ** specific 
gravity" is used to express the ratio of certain bulks of 
the substance considered with reference to equal bulks 
of some other substance of known weight with which 
they may be compared. Water has been adopted as 
the standard of comparison in the case of the majority 
of solids or liquids, on account of its being little exposed 
to variation, and of its being easily compared with the 
relative weight of other substances. The specific gravity 
of gases, or aeriform fluids, is, however, ascertained by 
adopting the the weight of dry atmospheric air as the 
standard. It thence follows, that the specific gravity of 
a solid, or of a liquid, is ascertained by dividing the 
weight of a portion of such substance by the weight of 
an equal bulk of water ; and, similarly, the specific gravity 
of a gas is ascertained by dividing the weight of a given 
bulk of it by that of an equal volume of air. A table of 
specific gravity is here introduced, but it is particularly 
to be observed in using such tables, that the ascertain- 
ing of the weights of equal volumes of any two substances 
they may contain depends upon the weight of a definite 
unit of the term of comparison itself previously ascer- 
tained. For instance, if the unit of weight be a cubic inch 
of water, that of the substance to be compared with it 
will be found by multiplying the number of cubic inches 
it may contain by the weight of a cubic inch of water, 
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and by the tabular number. In the English tables the 
specific gravity of water is ascertained when it is at 62° 
Fahrenheit, and when the barometric pressure is equal 
to that of a column of mercury measuring 30 inches. 

TABLE I. OP SPECIFIC GRAVITY OF BODIES (Huttoh ahb Carr). 

2-160 
2-000 
1-984 



Platina, pure 


(Hntton) 


. 23-400 


Standard gold 


» • 


. 18-888 


Standard silver „ 


. 10-535 


Cast lead . . 


»> • 


. 11-325 


Quicksilver , 


» 


. 18-600 


Cast copper 


»» ^ ' 


. 8-788 


Ghin metal 


)) 


. 8-784 


Cast brass 


(Carr) 


. 8-395 


Iron, cast 


}| 


. 7-207 


Iron, bar . 


)) 


. . 7-788 


Steel, hard 


' >> 


. . 7-816 


Tin . . 


)) 


. 7-291 


Zinc . . 


• >> 


. . 7-196 


Glass, flint 


• >f 


. . 3-329 


Glass, white 


>> 


. . 2-892 


Glass, bottle 


>» 


. . 2-782 


Serpentine 


■ »» 


. . 2-988 


Basalt . . 


• >» 


. . 2-864 


Marble . 


• 9) 


. . 2-741 


Granite . 


' >> 


. . 2-654 


Porphyry . 


»» 


. . 2-765 


Flint . . 


(Hntton) 


. 2-670 


Common stone 


8 >i ■ 


. 2-520 



. (Hntton) 



Clay 
Brick 

Common earth,, 

Sand . . „ 

Coal . . „ 

Box wood . ,, 

Sea water . ,, 
Common water,, 

Ash . . „ 

Maple • • ,1 

Oak . . „ 

Elm • • ,) 

Fir. . . „ 

Sulphnrons acid gas 
Carbonic acid gas 
Nitrons gas . • 
Hepatic gas . . 
Oxygen gas . . 
Nitrogen gas . . 
Ammoniacal gas . 
Hydrogen . . . 
Atmospheric air . 



520 

250 

030 

•080 

000 

'800 

755 

0-925 

0-600 

0-550 



2-265 
1-500 
1-194 
1-106 
1-103 
0-983 
0-600 
0-084 
1-000 



19. The property by which heavy bodies displace a 
quantity of water equal to their own volume, when their 
specific gravity exceeds that of the water itself, is use- 
fully applied in calculations of various descriptions, if 
the specific gravity either of the water, or of the body, 
be known. Thus, inasmuch as the weight lost by the 
body when immersed (which may be represented by w) 
is to its total weight in vacuo (or W) in the same ratio 
as the specific gravity of the water (or s) is to the 
specific gravity of the body (S); or in another form' as 
w : W : : » : S, it is easy to calculate any one of the 
unknown terms of the problem, if the others should be 

W 

already known ; or, indeed, as S = — , the knowledge 
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of the two latter terms will suffice to determine the 
others. Again, if a body float on a fluid, the part 
immersed (Q) bears the same proportion to the whole 
body (P + Q) as the specific gravity of the body (s) does 
to the specific gravity of the fluid (S) ; or Q : P + Q : : 
« : S. It is upon tJiis principle that the Hydrometer, 
or the instrument for ascertaining the specific gravity 
of fluids, is constructed ; for, evidently, when the same 
body floats on different fluids, the magnitude of the 
part immersed in the first is to the magnitude 
immersed in the second, as the specific gravity of 
the second fluid is to that of the first. The practical 
rule for ascertaining the specific gravity is as fol- 
lows: — Let W = the weight necessary to sink the 
bulb of the^ hydrometer in one fluid, supposed to be 
water, and W ± w the weight necessary to make it 
sink to the same point in the other. Then, as the 
specific gravity of water is usually taken as I'OOO, the 

specific gravity of the other will be = 1*000 x ± —. 

When either the magnitude or the weight of a body is 

given, the other property may be ascertained firom its 

specific gravity, thus : — If the magnitude M, and the 

specific gravity S, be known, the weight W = M x S ; 

or the weight in grains and the specific gravity 

being known, the bulk or volume in cubic inches, 

W 
^ ^ oKOK^yg q • "^^ magnitude of an irregular solid 

and the capacity of an irregular vessel may be also 
ascertained from the property under consideration ; for 
if the solid be weighed in air and in water, then, since 
a cubic foot of rain water weighs 1000 ounces^ it is to 
the weight lost, as one cubic foot is to the magnitude 
required ; or, again, if the vessel be weighed when empty, 
and when it is full of water, then the weight of one 
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cubic foot of water is to the total weight of the water, 
as one cubic foot is to the total capacity required. 

HYDRAULICS. 

20. We have seen that when a fluid is contained in 
a vase of any form, it exercises, in consequence of its 
gravity, pressure upon every portion of the surface of 
tiie vase, and perpendicular to the same. If, then, a 
vase be perforated, the fluid will escape with a certain 
velocity; and, at the same time, certain movements 
will take place in the fluid whilst in the interior of the 
vase, which we will proceed to notice. 

21. When a small hole is made in the bottom of a 
vase, the molecules of the fluid move vertically to 
within a short distance of the orifice, supposing the 
top surface to be exposed to the direct influence of the 
atmosphere ; but the other molecules flow towards the 
orifice from every direction. If the orifice be on the 
side of the vase, the molecules of the fluid equally 
move towards it, as far as the level of the bottom of 
the orifice itself; so that, in every case, their motion is 
towards the orifice from every direction ; and as the 
same quantity of fluid must pass through the same 
space in the same time, if the pressure be uniform, the 
mean velocity of each such quantity must be in the 
inverse ratio of the capacity it occupies in the vase. 

22. The upper surface of the fluid in a vase, such as 
we have above considered, is not always terminated by 
a horizontal plane. Thus, for instance, when the fluid 
escapes vertically through an opening in the bottom, 
and the level has fallen nearly to that of the orifice, the 
upper surface of the fluid assumes the shape of a con- 
cave funnel, whose apex is in the centre of the orifice. 
If the fluid originally had a rotary motion, or if the 
vase itself were conical, the funnel formed by the upper 
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surface of the escaping fluid would be developed at an 
earlier period than if the sides were vertical, and no 
extraneous motion had been given. If, moreover, the 
orifice were lateral, the complete funnel-shaped de- 
pression would not be formed, but the surface of the 
liquid would be depressed ; as in the accompanying 
figures, 1, 2y 3, and 4. These movements depend 

13 8 4 




upon the form of the vases, the height of the fluid in 
them, and the position and dimension of the orifices. 
Hitherto mathematicians have not succeeded in ex- 
plaining satisfactorily the general laws under which 
they take place. 

23. In escaping from an opening in a vase, the fluid- 
vein assumes the form of a prism, whose base would be 
the orifice itself, but whose sides recede gradually 
until they attain a distance from the orifice equal to 
about half its diameter ; at this point, the diameter of 
the fluid-vein would only be 0*6 or 0*7 of that of the 
orifice. This diminution in the sectional area of the 
fluid-vein is known by the name of its contraction; 
and it takes place in whatever direction the fluid may 
escape, but under slightly different conditions, de- 
pendant upon the action of terrestrial gravitation. 
Thus, when the fluid-vein escapes vertically downwards, 
the prism contracts to a greater distance than usual, 
because the velocity of the fall of each horizontal layer 
increases in proportion to the space fallen through, 
and therefore the distance between any two such layers 
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must also increase. Again, when the jet escapes 
upwards, the prism enlarges immediately after the 
extreme point of contraction has been passed, because 
the velocity diminishes. In all cases, however, the 
resistance of the air divides the jet into drops of 
greater or less volume, when it has reached a certain 
distance from the orifice. In vacuo, the jets, if they be 
not vertical, would describe a parabolic curve in falling, 
as solid bodies do under similar circumstances. 

24. The contraction of the fluid-vein does not appear 
to arise from any diminution of the volume of the fluid 
itself, but rather from the fact that the molecules of 
the fluid leave the orifice with different parallel velo- 
cities. Those which pass through the central parts of 
the orifice are not exposed to the retarding influence of 
the friction which necessarily takes place upon the 
perimeter; and they, tljerefore, must have a greater 
initial velocity than the molecules which were 'thus 
in contact with the sides. Moreover, the velocity 
of efflux in the filaments of the vein is affected by 
the various inclinations under which they approach 
the orifice ; in a short time, however, after leaving the 
vessel the velocity becomes equalised throughout the 
column, and it would remain constant, if the pressure 
upon the orifice and the resistance of the air did not 
interfere with it. 

25. When the jet is vertical and downwards, and the 
liquid has originally a rotary movement, a species of 
funnel is formed in the interior of the vase, and the 
liquid leaving it assumes a similar form, but its apex 
is precisely in the opposite direction to that of the 
funnel in the interior. If the sides of the orifice be 
not perfectly even, and the liquid in the interior be 
impressed with a rotary motion, the fluid-vein, in 
escaping, often assumes the form and appearance of a 
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spiral column. When the orifice is polygonal, or of 
any other than a circular form, the outline of the fluid- 
vein is more complicated, but substantially the results 
are not different. If the various parts of the orifice 
should not be symmetrical, the vein would not retain 
the fombit had on leaving the orifice ; but it changes 
continually as the distance from that orifice increases : 
thus, immediately after leaving the orifice, the faces 
corresponding with the rectilineal sides become hollow, 
and the concavity increases in proportion to the dis- 
tance ; whilst, after a time, the edges corresponding to 
the angles are splayed off, and finally they disappear 
altogether. Thus, MM. Poncelet and Lesbros ascer- 
tained that the form of the vein, leaving an orifice 
perfectly square, and measuring 8 inches on each side, 
presented the section a, c, e, ^, at a distance of 6 inches 
from the orifice ; and the 
section 6,' d, f/ A, at a dis- 
tance of one foot. This last 
was the smallest section^ and 
its area was 0'562 to 1 of the 
orifice : whilst the effective 
discharge was 0'605 to 1 of V( 
that in(iicated by theory. 
The head of water during 
the observations referred to 
was maintained constantly 
at 5 feet 7 inches. In this 
case the fluid-veia seems to have made the eighth of a 
revolution upon its axis ; and the researches of Bidone 
upon the phenomena of jets of water show that many 
other interesting remarks are to be made upon them. 
The reader who desires to study the subject is referred 
to the very interesting work by this auttior, under the 
title of ■** Exp&iences sur la forme et sur la direction 
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des veines et courants d'eau lances par diverses ouver- 
tures." For the present it may suffice to observe, that 
if the jet should be of any important length, a series of 
contractions and expansions takes place in it ; which 
are accompanied by changes in the transverse section 
when the orifice is polygonal. 

26. The velocity with which a fluid leaves an orifice, 
observed at the orifice itself, is at the commencement 
imperceptible ; it increases for a certain period, after 
which it remains constant, if the level of the . fluid 
should continue the same in the vase ; or it decreases, 
if the level should be lowered. Whatever be the form 
of the opening, or whatever may be its size compared 
with the transverse section of the vase, so long as the 
water in the latter remains at the same level, the 
velocity with which the fluid escapes will follow the 
same constant law. 

27. When the orifice through which water flows from 

a vessel is made in a thin plate ; or when the thickness 

of the side of the vase does not exceed the smallest 

dimension of the orifice, and is, at a maximum, only from 

3 to 2 J inches ; the rate of flow, when no initial velocity 

exists, has been accurately expressed by Torricelli in 

the formula 

v« 

V = \/ 2 g h; from which, fe = -— . 

In this formula, V = the theoretical velocity ; but 
the real velocity is found to be between V — 0*1 V and 
V — 0*2 V ; the diminution of the velocity of the whole 
jet being attributable to the friction of the water against 
the sides of the orifice, and to the resistance of the air. 
In the formula, h = the height of the Uquid in the 
vase above the centre of gravity of the orifice ; and 
g = the acceleration of motion due to gravity, in a 
second, which is, in London, considered to be 32-^ feet. 
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The velocity in this case is that which a heavy hody 
would acquire in falling in vacuo through h ; and as 
the velocity is proportional to the square root of the 
height of ihe liquid above the centre of gravity of the 
orifice, if the height be quadrupled evidently the 
velocity will only be doubled. 

28. When the liquid flows through an orifice, whose 
length is li times its smallest transverse dimension, at a 
minimum ; or when an ajutage is employed, whose length 
is equal to two or three times the smallest dimension 
of the orifice ; the formulae for calcula ting the velocity 
become Y = 0*82 V = 0*82 ^/ 2 gh;Y' being the real 
velocity with which the water flows, and the other 
notation as before. 

. 29. The velocity would be modified if the two faces 
of the orifice should be under water, and it would be 
represented by the formula, V = \/ 2 g h{h — h% in 
which fe' = the height of . the water in the second 
recipient, and (h — fe') = the difference of levels of the 
water in the two vessels, retaining the preceding signi- 
fications of V, gr, and h. If the discharging vessel should 
be subj ect to any pre ssure, the formula would become 
V = \/2 g h(h + h%m which h^ would represent the 
pressure expressed in the height of a column of the 
liquid. 

80. If we leave out of account the diminution of the 
velocity, and the contraction of the fluid-vein near the 
orifice, the theoretical discharge would be Q = SV, in 
which Q = the quantity discharged per s econd , S = 
the sectional area of the orifice, and V = \/2gh' But 
the quantity which really flows from any orifice differs 
considerably from that indicated by theory, and it 
is usually expressed by the formula Q = K S V, in 
which the new term K = the coefficient of discharge, 
or the ratio of the real effective quantity flowing from 
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the orifice to the theoretical one. The value of this 
coefficient depends upon the pressure upon the orifice, 
its form, and its position in the sides of the vase. 

31. The greatest contraction takes place when the 
orifice is removed from the bottom, and the sides of 
the vase, by a distance at least equal to 1 or 1 J times 
its own smallest dimension ; and under these circum- 
stances the contraction takes place all round the fluid 
vein. But if the sides of the opening should be in the 
prolongation of the sides of the vase, the ordinary 
co-efficient of contraction requires to be multiplied by 
1*135, in the case when the prolongation exists on one 
side; by 1*072 when it exists on two sides; and by 
1*025 when it exists on three sides. MM* Poncelet 
and Lesbros have determined the values of the coeffi- 
cient of discharge for rectangular orifices with the 
greatest contraction ; and these values are given in 
the Table II. in which the dimensions are given in 

TABLE n. 



Head over 


Height of Orifice. 


Center. 
















8 in. 


4 in. 


2 in. 


l^in. 


Hin. 


i|in. 


Hin. 




... 


... 


.. 




0-712 


if in. 




... 


... 


0-644 


0-667 


0-700 


lAi^i. 


... 


♦.. 


.. 


0-644 


0-663 


0-693 


l^in. 




... 


0-624 


0-643 


0-661 


... 


2 in. 




... 


0.626 


0-643 


0-660 


... 


2^5 in. 


... 


0-611 


0.627 


0-642 


... 


... 


8| in. 


... 


0-612 


0-628 


0-640 


... 


... 


4 in. 


*•. 


0-613 


0-680 


0-688 


... 


... 


4f in. 


0-692 


0-614 


0-631 


... 


... 




6 in. 


0-697 


0-616 


0-631 


... 


... 


... 


8 in. 


0-699 


0-616 


0-631 


••• 


... 


... 


1ft. 


0-601 


0-616 


... 






... 


1ft. Bin. 


0-603 


0-617 


... 


... 


... 


... 


8 ft. 3| in. 


0-606 




... 


... 


... 


... 



English feet and inches. They are equally applicable 
for other forms of orifice, without any inward projection, 
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provided that the smallest dimension be equal to that 
of the height given in the table ; and they are equally 
applicable when the discharge takes place in the open 
air, or under water. It is important, however, to 
observe that, if all other conditions remain the same, 
the contraction diminishes in proportion to the thick- 
ness of the orifice, for when the latter is considerable 
it acts to a certain extent as an ajutage; and that 
when the sides of the vessel are convex, outwardly, 
the discharge will be increased ; whilst, on the con- 
trary, the discharge will be diminished if ihe sides 
should be concave. 

32. In the sluices of lock gates, the cills of which 
are generally upon the floor of the lock chambers, the 
coefficient of discharge is always 0*625, whether the 
sluice work in still water or not. Formerly, it was 
usual to adopt the coefficient 0"65 when two sluices 
M^ere used; but more recent experiments appear to 
prove that the real coefficient should be, as above, 
0'626. With inclined sluices, such as those used in 
the races of water-mills, with Poncelet's wheels (to be 
noticed hereafter), the lower and side faces of which 
sluices are in the prolongation of the reservoir, the 
coefficient is 0*74, if the uppet face should have an 
inclination of 1 to 2 ; and of 0*80, if the inclination 
should be as 1 to 1 : the sectional area being obtained 
from the vertical height of the opening, not from the 
actual area of the opening itself. 

33. When water falls over a weir, its effective dis- 
charge is stated by Poncelet to be represented by the 
formula, 

Q = KLHV2^H. In which 
Q = the effective quantity falling over the weir ; 
K = the coefficient of discharge, stated by him to be 
= 0-405 ; 
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L = the width of the overflow ; 

H = the height of the water above the cill of the 
weir ; this height must be ascertained at a point where 
the level of the water is not affected by the contraction 
of the fluid- vein, which would usually be from 4 to 8 
feet above the overflow. In Table III. are given the 
various coefficients for different values of H, observed 
by MM. Poncelet and Lesbros ; and it further appears 
from their investigations, that the usual coefficient 
0*405 becomes 0.42, when the clear opening of the 
overflow is of the same width as the leading channel, and 
when the depth of the latter corresponds nearly with 
H. If we call the thickness or depth of the sheet of 
water falling over h, it wiU be found that H == V17S h, 
when the clear opening of the overflow is 4ths of the 
width of the feeding channel ; and that H = 1*25 h, 
when the two widths are equal, 

TABLE in. 



Height over weir 


i§in. 


^in. 


14 in. 


14 in. 


2&in. 


3|in. 


Value of coefficient... 


0-424 


0-417 


0-412 


0-407 


0-401 


0-397 


Height over orifice ... 


4in. 


6in. 


Sin. 


8|in. 






Value of coefficient... 


0-395 


0-393 


0-390 


0-386 







34. When cylindrical tubes are added to an orifice 
in any vase, or reservoir, the discharge through the 
former will be found to be greater than would have 
been the case if the orifice had been left in its natural 
condition, supposing, of course, that the head of water 
and the dimensions of the orifice remain identical. 
This increased discharge will not, however, take place 
unless the water shoidd fill the orifice, and this will 
occur when the length of the additional tube, or of the 
ajutage, as it is called, is three or four times its dia- 
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meter ; on the contrary, the orifice will not be filled 
when the length of the tube is less than that of the 
contracted vein, produced by the escape of the water. 
The increase in the discharge produced by a cylindrical 
ajutage, of the proper length to ensure its being filled, 
and in which that length does not exceed four times 
the diameter, is in the proportion of 1'33 to 1*00 of the 
ordinary discharge through an orifice in the plane sides 
of the vessel. 

35. The effective discharge may be still further 
increased by making the ajutage of the form repre- 
sented in the accompanying sketch, pro- 
vided the liquid fill it entirely. This ___ 

form of ajutage consists of two portions 
of cones upon the same horizontal axis, 
but with their apices in opposite direc- 
tions. The first portion has the form of 
the contracted vein ; the length of the 
second is three times that of the first ; 
and the opening m, n, of the first, in 
the side of the vessel, is f ths of p, q, of the second. The 
effective discharge through an ajutage of this form is 
in the proportion of 3 to 3 of the discharge which 
would take place through a simple aperture in a thin 
plate. 

36. When water flows through long pipes the velocity 
of its flow is increased by the effect of gravitation, if 
the pipes have a general fall; and as the liquid column 
is prevented from changing its form by the adherence 
to the sides of the pipes, and by the resistance of the 
air, the lower filaments of the liquid transmit a portion 
of their velocity to the upper ones, and thus establish 
a general uniform velocity which increases in propor- 
tion to the length of the pipes up to a certain point, 
beyond which the friction upon the perimeter of the 
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pipes stops the increase. In horizontal pipes this 
friction repeated upon a great length tends continually 
to diminish the velocity ; so that, if the length be con- 
siderable in comparison with the initial velocity, the 
liquid might, under some circumstances, hardly flow at 
all in such pipes. Eytelwein states that, in conse- 
quence of the existence of this friction, the head of 
water, producing motion in a pipe, may be considered 
to be divided into two parts, one of which serves to 
generate the velocity, and the other to overcome the 
friction. This latter " portion must, therefore, be 
directly as the length of. the pipe and the circum- 
ference of the section (or, as the diameter of the pipe), 
and inversely as the contents of the section (or as the 
square of the diameter). This part of the subject will 
be found treated in greater detail in the subsequent 
chapter of this work, devoted to the consideration of 
the water supply of towns ; to which it has been re- 
served on account of its more intimate connection with 
that branch of practical hydraulic engineering. 

37. It used to be considered that the rate of flow 
of water in pipes was not sensibly modified by the 
nature of the materials of which they are formed, or by 
their mechanical structure, so far as regards the 
smoothness of the interior ; and that the flow depended 
alone on the length and diameter of the pipes. The 
costiy, but, at the same time, the ridiculous, experi- 
ments made by the Trial Works Committee of the first 
Metropolitan Commission of Sewers appeared to con- 
firm this opinion ; but, latterly, M. Darcy has seriously 
called it in question, and from his " Eecherches Ex:- 
p6rimentales relatives au mouvement de Teau dans 
les tuyaux," and from the report of MM. Morin, 
Combes, and Poncelet, who had been appointed by the 
Academic des Sciences to examine the above-named 
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Memoire, it would appear that the nature and the 
state of the surfaces, over which water flows, exercise a 
notable influence upon the discharge of pipes. The 
resistance which the latter oppose to the rate of flow, 
increases in proportion to the length, and is considered 
to be in the inverse ratio of the diameter, according to 
De Prony, and the earlier writers on hydraulics ; but 
M. Darcy's researches throw some doubt also upon the 
generally' received opinions on this point, for he has 
arrived at the conclusion that the influence of the dia- 
meter upon the rate of discharge was greater than 
would be indicated by De Prony's formula ; and that 
this formula gave results in excess of those actually 
observed with small diameters, whilst the results were 
equally below the real fact when large diameters were 
experimented upon. Under all conditions of the dia- 
meter, however, curves, or deviations from the right 
line, in the pipes have a sensible influence in retarding 
the velocity of flow. If they should be of a nature to 
cause a severe shock, it is even possible that they may 
so effectually disengage the air in suspension in the 
water as entirely to interrupt the flow, unless a blow- 
off, or escape for the air, be provided. M. Darcy has 
devoted a chapter of his work upon the history of the 
water supply of Dijon, to the discussion of the influence 
of the air upon the discharge of a pipe, to which we 
may have occasion to return in a subsequent part of 
this work. 

38. In capillary tubes, as might naturally be expected j 
the velocity of flow is more affected by the resistance 
of any confined air than it is in those whose diameter 
is greater, and the retarding influence of the friction 
upon the contour is also necessarily more important, 
because the friction only affects those portions of the 
liquid which touch the contour of the tubes, and it 

c 
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must, therefore, be the greatest when that contour is 
in immediate proximity to the axis. 

39. Bemouilli observed that, when liquids flowed in 
pipes, the pressure they exercised against the sides of 
the latter, was always less than the pressure they would 
exercise if they were in repose. The effective pressure 
is stated by him to be equal to the height of the liquid 
producing the head at the point observed, diminished 
by the height of the liquid able to produce the velocity 
actually existing at that point. From this it will 
follow, that the pressure will always be in the inverse 
ratio of the velocity, and that it would be annihilated 
if the latter were really the velocity due to the head 
over the point of observation. This law has been 
verified by a sufficient number of experiments to entitle 
tis to consider it to be correct. 

40. In open channels, as contradistinguished fipom 
pipes, the fact of the upper surface being open modifies, 
to a serious extent, the conditions of the flow of any water 
they may convey ; and it has been found that, what- 
ever be the section of a channel, if a uniform velocity 
be once established in it, the same quantity of water 
will be discharged at the lower end as enters at the 
upper ; consequently in any transverse section of the 
channel the same quantity of water must pass in the 
same period of time. It follows from this, that the 
velocity of the current must increase in proportion to 
the diminution of the area of the channel, if the dis- 
charge remain the same ; on the other hand, that the 
velocity must diminish in proportion to the increase 
of the area. As the rate of flow is, in channels, pro- 
duced by the action of gravitation, it must evidently 
increase with the inclination ; and in order to maintain 
an equable discharge, the several conditions of the 
dimensions and of the inclination, both of the channels 



HTDRAITLICS. 27 

and af the water, must co-ordinate. In a channel with 
a uniform inclination and section, however, the rate of 
flow also soon becomes uniform; because the friction of 
the sides destlroys the increase of velocity which would 
otherwise be produced by gravitation — at least this is 
the case with the inclinations and dimensions ordinarily 
given to water channels. It also follows, from the 
effects of the friction upon the wet contour, that the 
velocity of all the molecules in the transverse section 
at any point is not equal ; those which are in contact 
vrith the sides of the channel are retarded in their flow, 
and, in their turn, they retard the flow of the molecules 
immediately around them. Of course, under these 
circumstances the maximum velocity exists at the 
surface and upon the axis of the current. From the 
experiments of Dubuat it appears, that the mean 
velocity of any stream in an open channel, represented 
by V, may be expressed by the formula t?=c V, in which 
V represents the velocity upon the axis, and at the 
surface ; and c, a coefficient varying according to circum- 
stances between 076 and 0*891. It is usual therefore 
in practise to consider that, for surface velocities vary- 

4 
ing between 8 inches and 5 feet per second, i7=---V; 

or that V=l*25 v. But in large rivers these formul© 
would give results far in excess of those actually found 
to exist ; for it has been ascertained that in the Seine 
t;=0'62V; and M. de Eaucourt found that in the 
Neva V = 0-75 V. * 

41. The German engineers who have examined 
this subject, have found that the mean velocity of all 
the fluid-veins met by the same vertical line in any 
part of the section of a riv^r, bore a proportion to the 
velocity at the highest point on that line varying 
between 0*88 and 0*92. From the experiments made 

c2 
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by M. Defontaine upon the flow of the Ehine, this 
ratio would appear to be 0*88 in that river. 

42. Dubuat concluded from his own observations 
that the velocity at the bottom of a channel, calling it 
U=2 v^Y, in which formula v and V retain the same 
signification as above; and from this, if V= 1*25 1;, 
U = 0'76 V ; or V = 1 -33 U. In the formation of a water- 
course therefore, U must be regulated so that its 
velocity should not be such as to remove the materials 
of the bed ; and Dubuat has drawn up a short table, as 
follows, of the rate of flow able to carry forward the 
various substances named : — 

speed per second. 
Eiver mud, semifluid silt 
Brown pottery clay 
Common clay ..... 
Yellow sand loamy 
Common river sand 
Gravel, size of small seeds 

9) „ of peas 

„ „ of beans • • 
Coarse ballast .... 
Sea shingle, about 1 inch diameter 
Large shingle • . . < 

Angular flints size of hens' eggs 
Broken stones 

„ agglomerated, or soft schistous 
rocks .... 
Bocks with distinct layers . 
Hard rocks 

The other dimensions of a water-course would be 
ascertained from the following forinulse for channels 
of a uniform inclination and a constant section. 

43. In these cases calling Q the discharge, S the 
sectional area, and v the mean velocity of the water, and 
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taking the dimensions in yards and the decimal parts of 



yards, we have Q = S t? ; from which we have also v = ^. 

The inclination will be ascertained (calling it I) by the 

p 
formula I = ^ (at? + bv*) according to De Prony. In the 

latter formula P represents the wet contour, ot the 
developed length of the wetted surface ; S, the sectional 
area as before; and a and h, numerical coefficients 
which De Prony makes respectively 0*0000444 and 
0*000309. Eytelwein was induced, from some obser- 
vations, to change these coefficients, and to make 
a=:.0000024, 6=0000366. But it would appear that 
Eytelwein's values of a and b are only correct for large 
rivers; whilst for channels whose sectional areas 
would not exceed 10 yards superficial, De Prony's 
values are the more correct. 

44. If we call the quotient of the transverse section 
of the watercourse S by the wet contour P, the mecm 

a 

radiusy and represent it by E, we have E =p; and 

the formula of De Prony gives us, replacing a and 6 
by the values he has assigned to them, 

E I = 0-0000444 V + 0*000309 v\ 
from which we obtain, 

V = V0-0051G3 + 3233-428EI-0-07185, or nearly 

V = 56-86\/EI - 0-072. 

De Prony's formulae of course are expressed in 
French metres and their subdivisions. Playfair, in his 
Outlines of Natural Philosophy, translates the last- 
cited formula for the velocity in English feet as being 

V = - 0-1641131 + VO-023751 + 32806-6 E I. 
From these formulae it will, therefore, be easy to 
ascertain the value of v, if I and E be known ; or to 
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ascertain the inclination I requisite to obtain such a 

velocity that v =-^. The value of E depends upon that 

of the section S, and the form of this section ; the latter 
being usually regulated by local considerations. If 
the channel should be executed in wood or in masonry, 
it would, generally speaking, be preferable to make the 
sides vertical, and the width equal to twice the depth 
of the water so as to render the wet contour, and con- 
consequently the surface producing friction, as small as 
possible. In channels of earthwork, or ordinary canals, 
the slopes of the sides vary according to the nature of 
the materials employed, and the width usually ranges 
between four and six times the depth of the water. 

46. De Prony's formula for ascertaining the velocity 
will serve, not only to calculate the discharge of a 
channel of a uniform inclination and constant section, 
but also to gauge any stream, provided a length of 
about 50l) yards can be found upon it, where those 
conditions of inclination and section are fulfilled. A 
cross-section of the stream will, in this case, give its 
area and its wet contour, and by dividing the former 
by the latter the mean radius E will be found ; a longi- 
tudinal section will give the total inclination of lie 
regular portion of the stream; and this inclination, 
divided by the developed length of the axis, will give 
the partial inclination in each unity of length. If the 
section of the stream should not be constant (which is 
indeed almost always the case with natural channels), 
a certain number of cross-sections must be taken in 
the portion where the stream is most regular, from 
which an average must be deduced, for the purpose of 
furnishing the elements for calculating the-wet contour 
and the mean radius. The inclination is then to be 
ascertained from the mean velocity t?, and the discharge 
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will be found by the ordinary formulffi. Should it 
happen, however, that the stream is divided into two 
portions, one of which is very deep and comparatively 
speaking narrow, whilst the other is shallow and broad, 
it would be preferable to consider the stream as though 
it were divided into two distinct branches, and to cal- 
culate the discharge of each of them separately. 

46. It is possible also to ascertain the volume of a 
river by determining the maximum velocity of the 
surface, and the average sectional area ; for the dis- 
charge will be found to be nearly Q = S (0'8V) which 
latter term we found to be the expression for the mean 
velocity v. It is essential in all such calculations that 
great care should be taken not only in ascertaining 
the cross-sections, but also that the floats used to 
determine the velocity should be thrown into the 
stream at some distance above the points of observa- 
tion, in order that they may really acquire the average 
velocity of the water during their passage. 

47. The preceding observations, it must be observed, 
only apply when the volume of water passing an orifice, 
or through any given portion of the channel of a stream, 
is such as to maintain a constant head or pressure. 
If, however, the discharge should be greater than the 
supply, the level of the water above the orifice, or 
section, will fall, and consequently the head or pressure 
producing the velocity will be reduced. The value of 
H in such cases will, therefore, have to be modified 
so as to express the effective head influencing the 
discharge during the entire operation. It has also 
been assumed, that the discharge takes place in the 
open air, and without encountering any resistance on 
the under side ;-but in the case of one reservoir dis- 
charging its waters into another, not only does H 
require to be modified, but a new term is required to 
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be introduced, for the purpose of representing the 
resistance of the water in the lower reservoir as it 
rises above the orifice of communication. 

48. Morin gives a rule for ascertaining the discharge 
when a variable head, as above described, exists over 
the centre of an orifice, which is sufficiently simple for 
ordinary practice, and may be stated as follows : A verti- 
cal rule is to be placed in the upper reservoir, and upon it 
are to be measured tte levels of the water corresponding 
to equal intervals of time ; for ordinary purposes five 
observations will suffice. Then, calling L the width of 
the orifice; E, its height; m, the coefficient of discharge 
ascertained from the arithmetical mean between the 
values corresponding with the greatest and least heads 
observed; h^, h^, feg, h^, h , the levels correspond- 
ing with equal intervals of time t; and Q, the volume 
discharged in the whole time, or in this case, 4 *; we 
have^Q = 1-476 mlLEt {s/h^ + ^/h^ + 4 (\AI + 
V/I4) + 2 V^a): or, in other words, if it be desired 
to ascertain the volume of water discharged in a given 
time by an orifice, with a load upon its summit of a 
variable nature, after having as above observed the 
variations of level, the rule is — to take the square root 
of each of the heads over the orifice ; to the sum of the 
greatest and least of these square roots add four times 
the sum of the square roots of the heads of the even 
pair of the heads observed, and twice the sum of the 
square roots of the heads of the uneven pair ; multiply 
the total sum by the time which has elapsed between 
two observations by the area of the orifice, by the 
coefficient discharge, and by 1*476. This formula 
becomes, when the flow of water over a weir is con- 
sidered, Q = 0-598 L t (A, s/h^J- h^ \/h^ + 4 
(*« + \/h^ + h^ \/h^) -h 2A3 V^a); and when the 
orifice may be covered with water on the underside, 
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the heads fej, fe^, &c., must be replaced by the dif- 
ferences of the heads on the upper and under sides at 
the same periods of observation; that is to say, fej 
becomes H, — fej ; and h^ becomes H, — A,, calling 
H the head . producing pressure on the upper, and h 
that on the under side of the orifice. 

49. In all rivers there will be found to exist a greater 
or lesser extent of comparatively speaking still water 
in immediate proximity to the bank ; and in this part 
of the stream may also be observed a series of small 
eddies, produced by the impulsion of the current. 
The principal direction of these eddies appears even 
to be opposed to that of the current, and again, when 
any obstacle is offered to the onward flow of the latter, 
the water becomes heaped up, as it were, and in this 
case also a kind of return in the current takes place, 
owing to the change of direction in the flow of the 
water. A dyke or embankment in a river will produce 
this eff'ect ; as will also any construction which dimi- 
nishes the water way, such as groins, bridges, &c. 
There is no universally received word in the English 
language which expresses this effect, and it may, there- 
fore be as well to adopt the French word " remous " to 
express simultaneously the increase of height and the 
change of direction, produced in a current by the 
intervention of any obstacle to its flow. 

50. In the case of a dam across the whole width of 
a stream, the horizontal section of whose bed is repre- 
sented to an exaggerated scale by the line A B, and 
the dam by E F, the water will rise on the upper side, 
to fall subsequently over the edge of the dam. The 
fluid mass represented hj A a a CD will here repre- 
sent the remous ; and its greatest depth, excepting in 
so much as it is modified by the conditions mentioned 
in the next ^^entence^ will exist immediately over the 
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edge of the dam, E F, and will be derived from the 
height of the latter, diminished by the original depth 




of the water, and increased by the height of water 
standing on the edge. This last quantity has been 
ascertained by M. Castel to be represented by the 

formula x = ^^^^lJ\^-\\ ^^ which Q = the volume 

of the current, and L the width of the dam. Should the 
water, however, be withdrawn by a series of sluices at 
the lower part of the dam, instead of falling over its 
edge, the greatest depth will be equal to the distance 
between the centre of the openings and the bed, added 
to the distance between that centre and the top level, 

which will be found by making x = 0'1805 y^, A being 

the sectional area of the openings. But the greatest 
elevation of the water above the horizontal line does 
not take place immediately upon the dam ; it occurs 
at a small distance above it. The same thing happens 
in this instance, which happens in all others in which 
water flows over a weir, viz., that shortly before the 
water arrives at the edge, it slopes towards the latter. 
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and in large remous this sloping, or inclination of the 

surface, will begin at a considerable distance on the 

upper side of the dam. The height of the remous, at 

any given distance from the edge, will necessarily 

result from the nature of the curve assumed by the 

surface of the water. This is essentially a hyperbola, 

whose summit is at A', whose axis is A C, and which 

is nearly tangential to a line passing through A, at 

2 E H 
such a distance that E G = — r — ; in which ex- 



pression b = the length of the dam. 

51. During the investigations conducted by the 
Italian engineers for the purpose of discovering a 
simple self-acting gauge to measure the waters sup- 
plied for the irrigation of that country, a very interest- 
ing and important fact was observed, which indicated 
that the ordinary laws of hydrostatics applicable to 
the level of water in communicating vases, were 
modified to some extent when the water was set in 
motion. It was then ascertained that, in a vase con- 
stantly supplied, but divided into two portions by a 
diaphragm susceptible of being moved vertically, and 
with a discharging orifice on one side, a constant 
diflference of level existed in the surfaces of the re- 
spective portions of the reservoir so long as the water 
flowed ; and that this difference of level was greater in 
proportion as the opening of the diaphragm was less, 
compared to that of the orifice. And it was also 
observed that if, by any change in the direction of the 
supply or of the flow, the level were made to alter on 
either side of the diaphragm, the corresponding varia- 
tions in the level upon the two sides continued always 
to be proportional to the respective differences of level 
first established. This law is not affected by the 
introduction of two or more diaphragms, for a similar 
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variation of level takes place between each of them, and 
it is maintained so long as the water flows. Of course, if 
the discharge cease, the hydrostatic pressure will cause 
the water to assume the same level in all the commu- 
nicating compartments, whatever be their number. 

52. If we suppose a fluid to be contained in a 
reversed syphon, each of whose branches is of the 
same diameter, the fluid wiU be found to stand at the 
same level in both of them ; and if, by any means, the 
fluid column be first raised in one of the branches, 
and then allowed freely to resume its natural position, it 
will commence its movement by falling below the origi- 
nal level, in consequence of the velocity acquired; it will 
immediately afterwards remount above that line, .and 
-continue to oscillate about it for a certain time. These 
oscillations are found to be isochronous ; and if the 
branches of the syphon should be vertical, their dura* 
tion will be equal to that of the beats of a pendulum, 
whose length is equal to haK the total height of the 
liquid column. 

" 63. When any point on the surface of a pool of still 
water is disturbed, a series of small waves is formed 
around it, which extend with great rapidity. These 
waves are found to be of two sorts : the first are formed 
at the same moment in great numbers, and are pro- 
pagated in every direction with a uniformly increasing 
velocity, like that of the fall of heavy bodies, and the 
distance between the summits of any two waves in- 
creases in the direct ratio of the time elapsed since 
their formation; whilst the heights decrease in the 
inverse ratio of the square of the time, when the liquid 
is contained in a channel of a constant width — or, 
according to the fourth power of the time when the 
liquid is free. The second sort of waves also rises in 
infinite numbers, and at the same time ; but the waves 
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are propagated uniformly with a velocity proportionate 
to the square root of the diameter of the surface ex- 
posed to the shock ; the heights of the surface decrease 
in the inverse ratio of the square root of the time, or 
of the first power thereof, according as the liquid may 
be contained in a channel, or be entirely free. The 
second description of waves is more appreciable than 
the first, especially near the point of origin ; and any 
wave which is formed thus on the surface of a liquid 
mass, is propagated to a considerable depth in the 
interior. 

54. When waves of either of the above-mentioned 
sorts come in contact with a fixed body, they are inter- 
rupted in a portion of their course, and that portion of 
the wave which strikes the resisting body, is reflected 
back upon itself, and propagated in a direction oppo- 
site to the one it originally followed ; it is, however, 
re-formed beyond the obstacle, if the latter be isolated 
in the midst of the fluid, and it extends beyond it as 
though the wave had never been interrupted. When 
several centres of disturbance are formed in a piece of 
still water, the respective series of waves may be ob- 
served to cross one another without producing any 
very decided interference. These observations, how- 
ever, are only applicable to small bodies of water ; in 
the subsequent parts of this treatise, attention will be 
more particularly called to the laws affecting the forma- 
tion of the waves of the sea and of their mutual inter- 
ference. 

65. Bodies moving in fluids meet with two species 
of resistance : the one arising from the movement com-^ 
municated to the portions of the liquid successively 
displaced ; and the other, fi-om the power necessary to 
separate the parts of the liquid between which the 
bodies move. Up to a certain velocity, the resistance 
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of fluids &om the first cause is found to be proportional 
to their density ; to the square of the sectional area of 
the bodies moving in them, modified to a considerable 
extSent by the forms of such bodies, and to the square 
of the velocity. The resistance arising from the 
cohesion of the fluid was found by Coulomb to be 
proportional to the velocity, and to be independent of 
the nature of the surface of the body ; he also found 
that the pressure to which the fluid is exposed, is 
equally without influence upon the value of the resist- 
ance. Thus it would appear, that any body moving in 
a liquid meets with a resistance composed of two terms : 
the one due to the inertia of the liquid, and increasing 
as the square of the velocity; the other due to the 
cohesion of the liquid, increasing simply with the 
velocity. 

56. The researches of Mr. J. Scott Russell upon the 
movement of canal boats at high velocities, would in- 
duce us to believe that when the velocity of bodies of 
that description exceeds 13 feet per second, some new, 
and hitherto but imperfectly understood, laws come into 
operation. Our present knowledge of the subject may, 
perhaps with some reserve, be thus expressed, in the 
words of the Report of the British Association for the 
Advancement of Science. 

After establishing the fact that the movement of a 
canal barge, or of any solid body, in a channel of still 
water gives rise to a displacement of the water surface* 
which advances with an undulatory motion in the same 
direction as the body itself, and which Mr. Russell 
distinguishes by the name of the wave of displacement ; 
he proceeds to say that : '* The resistance of a fltnd to 
the motion of a floating body will rapidly increase as 
the velocity of the body rises towards the velocity of 
the wave of displacement caused by the said motion^ 
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and it will be greatest when the two velocities approach 
equality. 

" When the velocity of the body is rendered greater 
than that due to the wave, the motion of the body is 
greatly facilitated. It remains poised on the summit 
of the wave in a position which may be one of stable 
equilibrium ; and this effect is such that, at a velocity 
of 9 miles per hour, the resistance is less than at a 
velocity of 6 miles per hour behind the wave. The 
velocity of the wave is independent of the width of the 
fluid, and varies with the square root of its depth. 

"It is established that in every navigable stream 
there is a velocity at which it will be more easy to 
ascend against the current, than to descend with the 
current. Thus, if the current flow at the rate of 1 
mile per hour in a stream 4 feet deep, it will be easier 
to ascend with a velocity of 8 miles per hour on the 
wave, than to descend with the same velocity behind 
the wave. The velocity of the wave of displacement 
(which advances in the direction of movement of the 
floating body) is about eight miles per hour." 

It must not, however, be understood that the con- 
clusions of the British Association in this matter are 
universally received as correct ; for not only have the 
practical results of the attempts hitherto made to apply 
the laws thus enunciated been such as to inspire 
serious doubts with respect to them, but the direct 
experiments of Generals Morin and Foncelet on the 
resistance of water to bodies moving in it led those 
able observers entirely to reject the theories of Mr. 
Scott Bussell upon which those conclusions were 
founded. M. Bourgois, in a recently published Me- 
moire " sur la resistance de Teau au mouvement des 
corps *' (Paris, 1857), adopts the views of M.M. Morin 
and Poncelet; and indeed there seem to be very grave 
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reasons for believing that, in spite of the merited 
authority of the members of the British Association, 
they were in error in supposing that any new laws 
with respect to the resistance of fluids were to be 
observed, so long at least as the velocity of movement 
did not exceed 10 miles per hour. The influence of 
the bottom and of the sides of a canal, as well as that 
of the wave of displacement itself,»upon the resistance 
of the fluid to an advancing body, are so great, how- 
ever, as to render it extremely difficult to discover any 
precise expression of that resistance, or the laws under 
which it acts. 

57. Projectiles, when they strike the surface of a 
liquid, meet with a resistance which diminishes their 
velocity and changes the direction of their path. The 
intensity and direction of this resistance depend upon 
the form of the projectile and its velocity. At all 
times, however, it tends to raise the direction of move- 
ment and to carry it towards the surface of the liquid ; 
and if the original direction of the projectile should 
only be slightly incEned towards the horizontal line, 
the shock may even cause the projectile to rebound, in 
the same manner in which it would have rebounded 
from the surface of a solid body. It is thus that 
stones, thrown from a small angle, or bullets fired 
from batteries near the water line rebound, or ricochet, 
a great number of times before their velocity is suffi- 
ciently retarded to allow of their sinking permanently 
below the surface of the water by the ordinary effect 
of gravitation. 

58. When a fluid is in motion a certain portion of 
the force by which it is animated may be employed for 
the purpose of driving a machine : but evidently the 
motive power thus applied, must be only that portion 
attributable to the gravity of the water itself; for if it 
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were necessary to create the power by the applica- 
tion of extraneous force, it would evidently be prefer- 
able to apply that force directly to the machine itself. 
In the industrial arts, then, water is only applied as a 
motive power when it flows in an inclined channel, or 
when it falls suddenly from a height. But it must be 
observed that, whatever be the nature of the inter- 
mediate machinery employed to transmit the power of 
the water, a portion of that power must always be lost: 
1, because the whole velocity of the water cannot be 
destroyed, or else the water after producing its eflfect 
upon the machinery could not flow away; and 2, 
because the machine transmittiQg the power of the 
water, has a motion and a velocity proportionate to the 
latter, which consequently can only act by the excess 
of its velocity over that of the machine. 

59. Water may act in several manners to produce 
motion, either by percussion, by pressure, or by 
re-action. It acts by percussion when it strikes the 
portions of any machine placed in its course, and 
when, after having communicated its movement to the 
machine, it flows away immediately after producing the 
shock ; float wheels placed in a current are illustra- 
tions of this action. Water acts by simple pressure 
when, having no initial velocity, or one which is very 
small and only equal to that of the body on which it 
acts, it moves the latter merely by its weight ; as in the 
case of bucket wheels, when the velocity of the peri- 
phery of the wheel is equal to that of the stream. 
Water acts both by percussion and by pressure, when 
it falls upon a bucket wheel with a velocity greater 
than that of the wheel itself. Lastly, water produces 
its effect by re-action in turbines, or in what are called 
for this very reason re-action mills. In the case of the 
hydraulic press the law by which a liquid enclosed in a 
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vessel on all sides is able to transmit, to every portion 
of its bounding surface, a pressure exercised on any 
point thereof, is called into action. As the details of 
the various machines by which the power of water is 
applied, and the laws connected with its application 
form part rather of the science of practical mechanical 
engineering, than of civil hydraulic engineering, the 
student is referred for them to the Numbers of Mr. 
Weale's Elementary Series, in which those subjects are 
particularly discussed. 

PNEUMATICS. 

60. Correctly speaking, the term Pneumatics ought 
to be confined to the science of the phenomena con- 
nected with the atmosphere ; but, by extensioii, it has 
also been applied to those connected with aU gaseous 
fluids. The following observations will, however, be 
confined as much as possible to the phenomena which 
would be represented by the narrower acceptation of 
the term, and those of other gaseous fluids will only 
be alluded to as they may be connected with the 
atmosphere itself. 

61. As was already observed (§ 3.), gaseous fluids 
differ from aqueous fluids in this important respect : 
that the former are highly elastic, whilst the latter are 
so very partially elastic as to warrant the neglect of 
that property in all reasoning with respect to these 
fluids. Of the gases themselves, again, there are some 
which are permanently elastic, and others which, by 
means of compression, can be converted into liquids. 
Atmospheric air is an illustration of the compressible, 
steam of the incompressible, gases; but Faraday's 
beautiful researches lead to the belief that this dis- 
tinction only exists in consequence of our defective 
means of operating upon them, and that, in reality, all 
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gases are susceptible of being compressed and con- 
densed when operated upon under favourable conditions. 
In ordinary language, it is, however, convenient to retain 
the distinction between the condensible and the incon- 
densible gases, and to apply to the former the name of 
the perimnent gases ; to the latter, that of vapours. 

62. The properties common to all gases may be 
stated as follows : 1, that their elements have weight; 

3, that they tend constantly to dilate, in consequence 
of the repulsive force of their latent caloric exceeding 
the molecular attraction', and that, therefore, they only 
retain the same volume from the resistance of some 
containing body ; 3, that they are easily compressible 
on account of the space around their molecules; 

4, that they are elastic, inasmuch as when their mole- 
cules are brought into closer connection with one 
another, the repulsive force of the caloric'of the gases 
increases more rapidly^ than their molecular attraction; 
6, that their molecules are perfectly free to move upon 
one another ; and, 6, that, by reason of their elasticity, 
a force exercised upon them on one point must be 
transmitted throughout and in every direction. All 
these properties have been proved by direct experi- 
ment to be possessed by atmospheric air. 

63. Since the atmosphere possesses weight, com- 
pressibility, elasticity, and the power of communicating 
pressure in every direction, it follows that any par- 
ticular portion of it must be pressed by the weight of 
the atmosphere immediately above the portion under 
consideration, and must also transmit the effect of this 
weight to the portions beneath ; consequently, the 
density of the atmosphere, and its elasticity, must 
decrease as the distance from the earth increases* 
For the same reasons, every object, or body, placed in 
the air must be exposed to a pressure upon every part 
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of its surface, which diminishes with the elevation 
above the ground. 

64. The atmosphere revolves with the earth, and at 
the same velocity with it ; for, if this were not the 
case, the air at rest would create a resistance to motion 
equal to the shock it would actually produce if the 
earth stood still. A current of air, in fact, would be 
felt, whose velocity would be equal to that of the earth's 
rotation on its own axis, or, at the circumference, to a 
velocity of 1518 feet per second ; whilst the most 
violent hurricanes, such as are able to tear up trees 
and overthrow buildings, do not travel at a rate exceed- 
ing 147 feet per second. As the atmosphere thus 
moves with the earth, all the molecules composing the 
former are affected by three cosmic forces — gravity, 
elasticity, and the centrifugal force. Under these 
circumstances, as the weight and the elastic force of 
the molecules of the atmosphere diminish in proportion 
to the distance from the axis of rotation; whilst, on 
the contrary, the centrifugal force increases with that 
distance ; there must necessarily exist upon any 
vertical line passing from the centre of the globe a 
point where these three forces are in equilibrium and 
the atmosphere must be limited. It has been calcu- 
lated that the distance at which the atmosphere 
becomes rarefied to such a degree as to be 760 times 
lighter than it is at the ordinary level of the earth — 
a rarefaction equal to that obtained by the best air- 
pumps — is about 58,000 yards above that level. This 
is not more than tttt of ^^^ radius of the earth ; so 
that practically it may be considered that the height of 
the atmosphere above our globe is about equal to -ri-ir 
of its radius. 

65. If a tube be made air-tight, and filled with any 
liquid^ so as effectually to exclude the air, and then 
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immersied in a vessel filled by some other liquid whose 
surface is exposed to the pressure of the atmosphere, 
it will be found that a column of the first liquid, or of 
that within the tube, will be sustained in it, and that 
the height of this column will depend upon the relative 
specific gravities of the liquids, and be in the inverse 
ratio of their densities. The force which sustains such 
a column is produced by the pressure of the atmos- 
phere acting directly upon the exposed surface of the 
receiving vessel, and pressing it in a downward 
direction, whilst the liquid in the tube is exposed to 
no such action ; and the effect will be the same, what* 
ever be the section and dimensions of the tube, pro- 
vided it be not so small as to allow capillary attraction 
to modify the results. Moreover, the pressure of the 
atmosphere may be demonstrated to act on every side 
of the tube or of the receiving vessel ; for if th^ tube 
be made to assume any direction, the liquid will rise 
in it to the same height above the surface of the 
receiving vessel as it would do iu a tube held in a 
perfectly vertical position. 

66. As the heights of the liquid columns thus 
sustained in tubes are precisely in the inverse ratio of 
the densities of the column, their weights must be 
exactly equal. Under these circumstances, as it is 
known that the atmospheric pressure will sustain, on 
the average, a column of mercury 30 inches in height, 
it will also sustaiQ a column of water about 34 feet 
high, since the specific gravity of mercury is 13'66. 
But as the pressure of the atmosphere varies within 
such limits as to allow the height of the mercurial 
column in a tube also to vary 3 inches in height, the 
height of the water column will also vary to a propor- 
tionate extent ; that is to say, within a range of about 
3 feet 5 inches. The atmosphere itself must exercise 
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an average pressure of 15 lbs. on the square inch, or 
the weight of a square vertical prism of atmosphere 
measuring 1 foot on every side is about 2160 lbs. In 
works upon Physics, especially in those published 
abroad, the elastic force of gases is estimated by their 
relation to the atmospheric pressure, or, as we have 
seen the latter to be 15 lbs. on the square inch, that 
quantity becomes the unit of comparison in all such 
calculations. 

67. It is to the pressure of the atmosphere upon the 
, exposed surface of a lower vessel that the ascent of 

water in a tube from which air has been exhausted is 
owing. The removal of a certain portion of the air in the 
tube causes that which remains to expand, its elasticity 
at the same time diminishes, and the liquid from the 
lower vessel will rise until the weight of the column 
thus sustained, and the remaining elasticity and weight 
of the internal air, shall balance the external pressure. 
It follows from this law, that, for the same dilatation of 
the air, the liquid will rise to a height which will be in 
the inverse ratip of its density. 

68. It must be evident, from what has been said 
above, that the height of a liquid column of any 
description, in a closed tube, might be taken as the 
measure of the weight of the atmosphere. But, for 
the purposes of observation, it has been found to be 
more convenient to adopt mercury as the standard of 
comparison, because it admits of the column being 
made shorter than in the case of any other liquid, on 
account of its greater specific gravity, and also because 
it is not so much exposed to give off vapours (whose 
elasticity would, to a greater or less degree, falsify the 
indications of the column) as the majority of liquids 
are liable to do. Even mercury itself gives off vapour ; 
but within the ordinary range of the thermometer in 
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temperate latitudes, its elasticity is so small that the 
action of this vapour may be neglected without incon- 
venience. In the arts, then, we find that almost inva- 
riably air-tight tubes in which columns of mercury are 
free to move according to the pressure of the atmos* 
phere upon the surface of a small cup of mercury in 
which one of their extremities is immersed, are use.d to 
ascertain the pressure of the latter, and are known by 
the name of Barometers. Of late years the direct 
pressure of the atmosphere upon a thin metal disc, or 
diaphragm, covering an air-tight chaml^r, has been 
made to indicate the variations in the weight of the 
atmospheric column, in the elegant and ingenious 
instrument the Aneroid ; and this instrument has been 
employed for all the purposes connected with engineer- 
ing to which the barometer itself had previously 
been devoted. These purposes are for observations 
upon thp weather, and occasionally for ascertaining 
comparative altitudes ; and it is to be observed, 
that within the range of temperature (prevailing in the 
temperate zones, the use of either the mercurial or 
the disc barometers may be a matter of indifference. 
In warm climates, however, the expansion of the disc 
renders the indications of the aneroid doubtful. Aji 
these subjects are more particularly discussed in the ^ 
Numbers of this Series which treat of Pneumatics and 
of Mathematical Instruments, the student who might 
desire farther information on the use of the barometer, 
is referred to them, or to the works cited at the end of 
this treatise. 

69. It is a necessary consequence of that which has 
been previously stated, that when a gas is compressed, 
it diminishes in bulk ; and bs its elasticity increases 
with its density, it must sooner or later arrive at such 
a state of condensation that the elastic force of the gas 
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itself shall balance the pressure exercised ; but the 
laws affecting the condensation and those affecting the 
elastic force are yet but little known. Practically, and 
especially 'in the case of atmospheric air, it may be 
considered that the pressure exercised by a gas against 
the sides of a vessel containing it, is increased in pre- 
cisely the same proportion as the space which it 
formerly occupied has been diminished; or, in other 
words, the elastic force of the air, or of any gas, is 
proportional to its density. It must be observed, how- 
ever, that a 'j^riation in the temperature will affect the 
elasticity of a gas ; for an increase of temperature will 
give rise to an increase of elasticity without, or even in 
spite of, any variation in the density. 

70. One consequence of the elasticity of gases is, 
that they exercise a pressure upon their containing 
vessels independent of any other mechanical or exter- 
nal force ; and in this respect they differ from ordinary 
fluids. The energy of the pressure so exercised depends 
upon the difference between the elasticities of the con- 
tained and of the surrounding gases, independently of 
any pressure which may be applied to the former. 

71. The principles of Pneumatics are applied in the 
practical operations of hydraulic engineering, in the 
construction and application of pumps and syphons ; 
and it is therefore necessary to enter into some details 
of those engines. Pumps are of numerous descrip- 
tions, and every maker has his own peculiar fancies 
with respect to the execution of their parts ; but the 
only really philosophical distinctions between the 
various kinds of pumps are those founded upon the 
application or the neglect of the atmospheric pressure ; 
or, the infinite varieties of these machines may be 
classed under the simple divisions of the suction and 
the forcing pump. 
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'72. The ordinary suction pump consists of a vertical 
pipe immersed in water at the lower end ; of a piston, 
moving in an enlarged portion of this pipe, called the 
cylinder or barrel ; and of two clacks or valves^ one of 
which is seated upon the pipe, and the other upon the 
piston itself. If, in such a pump, of the construction 
usually adopted, we suppose the piston to be at the 
bottom of the cylinder, and nearly in contact with the 
lower valve, upon raising the former the valve upon 
the piston itself will be closed by the downward 
pressure of the atmosphere, and a partial vacuum will 
be formed under the piston. The air in the pipe and 
barrel of the pump will, therefore, be rarefied, and 
unable to press upon the surface of the fluid beneath 
it, with the same force that the atmosphere presses 
upon the water in the open vase ; and the latter force 
being no longer balanced, a column of water will be 
raised in the pipe, whose height will depend upon the 
atmospheric pressure and the perfection of the vacuum 
which can be created under the piston. If, further, we 
suppose the water to rise to a certain height in the 
pipe, and that the piston then descend to the position 
it first occupied, the air between it and the water will 
escape through the valve, and the water will upon the 
next ascentional movement of the piston again rise in 
the pipe, until at last the piston actually plunges into 
it, and the water rising through the valve is retained 
upon it when it again rises. On this return up-stroke 
the water above the valve is raised by the piston to the 
overflow; a further vacuum is created beneath the 
piston, and an additional quantity of water from the 
containing vessel is made to enter the pipe by the 
atmospheric pressure. 

73. The height to be given to such a lifting pipe as 
we have above described, depcftids ne^f ly as much upon 

D 
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the perfection of the vacaom created as upon the 
atmospheric pressnre itself. Instead, then, of being 
able to raise water by means of suction pumps about 
84 feet, as we should be entitled to expect theoretically, 
it is very rarely that suction pumps can be made to 
work at greater depths than from 16 to 28 feet ; and in 
all such machines the chances of diminished effect 
increase with the dimensions of the pump itself. In 
practice, the usual working depth of a suction pump is 
made about 24 feet ; and the diameters of the suction 
and ascending pipes are usually made from ^ to -f- of 
the pump-barrel itself. It is necessary, in order to 
secure the greatest results from these machines, that 
when the piston descends it should touch the lower 
clack, so as not to leave any space between the latter 
and the xmder side of the piston. The power to be 
applied to the handle must be in excess of the sum of 
the weights of the column of water above the piston, 
and of the column in the ascending pipe, and also be 
sufficient to overcome the friction of the various parts 
of the machinery. 

74. The forcing pump may be either a species of 
Ufiing pump, when the column of water is raised 
directly upon the piston ; or strictly a forcing pump, 
when the water is driven by the piston into an ascend- 
ing pipe. It is usual, in ordinary cases, to combine the 
suction pump with both these varieties of the forcing 
pump, in order to make as much use as possible of the 
atmospheric pressure upon the surface of the water. 

75. Evidently any kind of pump, in which the whole 
weight of a liquid column has to be set in motion at 
each stroke of the piston, must be so disadvantageous, 
that it cannot be a matter of surprise that the ordinary 
lifting pump should be rarely used; nor will it be 
worth while here to dwell furtiier upon it, than to say. 
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that this description of engine is really nothing more 
than the suction pump already described, the upper 
tube of which has been prolonged. The forcing pump 
consists of a barrel and suction tube, separated by a 
clack, opening upwards only into the barrel. The 
piston, instead of carrying a second clack, is solid, and 
the clack is placed at the entrance of the ascending 
pipe, which usually branches off from the barrel in a 
horizontal direction for a short distance, and then 
ascends vertically. The motion of the second clack is 
from the barrel outwards. 

76. The action of a pump of this description will be 
analogous to that of the suction pump until the water 
rises into the barrel, from the atmospheric pressure ; 
because the piston wUl rarefy the air beneath it, and 
the unbalanced pressure upon the containing reservoir, 
will cause a column of water to rise in the tube. 
When, however, the water shall have entered the 
barrel, the piston, upon its next down stroke, will 
cause the water to force open the foot valve of the 
ascending pipe, and to rush into the ascending column. 
The pressure of the water in the latter must act upon 
its base with a weight proportionate to its height, and 
if then a motive force be employed in excess of this 
pressure, the water will continue to be lifted to a 
height proportional to the assumed motive power. 

77. In those suction and forcing pumps, in which 
the water does not rest upon the piston, the effort 
necessary to raise the latter is only the weight which 
would be required to move a weight equal to that of the 
column of water raised by the suction. But in the act 
of descending, the piston compresses (to a slight 
extent) the water, and causes.it to flow through the 
foot valve, and to rise in the ascending column ; con- 
sequently it requires a power able to set in motion the 

v2 
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whole weight of the latter. There must be evidently a 
great advantage in equalising these actions, which it is 
always easy to do, when the total height to which it is 
required to raise the water does not exceed 56 feet, by 
merely placing the barrel in the middle of the lift, as 
the clear difference of level between the upper and 
lower extremities of the delivery pipes is called. 
Beyond this height it becomes necessary to adopt 
mechanical arrangements^ in order to communicate 
greater power to the descending, than to the ascending, 
stroke of the piston ; and it is in such cases that the 
application of steam power produces some of its most 
useful and startling results, as exemplified in the large 
mining, or water-supply engines. 

The pistons of forcing pumps were formerly always 
made of wood, or of metal, packed with leather, so as 
to work closely against the sides of the barrel ; but 
latterly, the so-called plunger pumps have been more 
generally used. In these pumps the phinger is a 
metallic cylinder, either solid or hollow, of a length a 
little greater than that of the stroke ; the diameter 
being iErom i- to 1 inch less than the diameter of the 
barrel. The packing is fixed, and it is indeed formed 
by the stuffing-box. The plunger, in its descent, takes 
the place of the water, which it drives before it ; and 
in its ascent it creates a vacuum in the suction pipe, 
which is immediately filled by the atmospheric pressure 
upon the water in the lower reservoir. 

78. In any pump, therefore, the useful results would 
be represented by the formula Pm = Wfe, in which 
we have 

Pm = the motive power employed ; 

W = the weight of the water raised ; and 

h = tlft height to which it is so raised above the well. 

Practically, however, the useful effect is diminished 
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by the friction of the packings of the piston rod, and of 
the column of water against the sides of the pipe; 
there is also a loss of power occasioned by the mode 
of transmission of motion. Moreover, the weight and 
the friction of the clacks diminish the effective dis- 
charging power of the pump ; as also must the varia- 
tions in the direction and velocity of the ascending 
column, to which must be added, the influence of tiie 
velocity of the stream at the point of discharge. In 
the most perfect descriptions of pumps, it is possible 
that Wfe may = from 0*75 to 0*80 Pm ; but, generally 
speaking, the coefficient of the useful effect does not 
exceed, even if it attain so much as, 0*75. 

79. Sjphons ara bent pipes, with legs which are, for 
the most part, of unequal length ; and they are, in tiie 
arts, most frequentiy used for the purpose of trans- 
ferring liquids from one vase to another, in such 
wise as to avoid any motion in the liquids of a nature 
to affect their mechanical purity. The simplest form 
of the syphon is represented by the annexed sketch 

Kg. 8. 








(fig. 8), and if, in such a machine, the bent pipe, a, b, c. 
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be filled with water, and the short leg, a b, be inserted 
in the vase, e f, the water will be discharged in a con- 
tinuous stream through c^ if the latter be opened, and 
the section of the bent tube should not be too great. 
The rapidity of the discharge will be increased in pro- 
portion to the increased difference of level between the 
surface of the fluid in £ f, and that of the orifice of 
discharge ; or it may become constant, or even cease 
altogether, when that distance is made to retain a fixed 
proportion. The theory of the movement of fluids in 
syphons is very simple ; and the practical application 
of the principles upon which it was founded, as usual^ 
preceded the clear recognition of the principles them- 
selves; for the ancient Egyptians and the Romans 
appear to have habitually employed this class of 
machinery in the ordinary transactions of business, if 
we may judge by the pictorial representations which 
have been preserved. It was reserved however, to 
Pascal to discover the laws which affect the detailed 
action of syphons. It is to this author tlien that we 
owe the authorative announcement of the laws, briefly 
sketched in the following paragraphs. 

80. As the pressure of the atmosphere on a water 
surface is able to support a column of about 33 or 34 
feet high in a hollow tube, wherein a vacuum has been 
made in the upper part, if we suppose that a small 
partition w be placed in g, or the highest portion of the 
syphon (fig. 9), the column between g and e f will not 
only be sustained, but it will be pressed against the 
partition w with a force equal to the weight of a similar 
column, having a base, w, and a height of from 33 to 
34 feet, minus the difference of level between the 
surface e f and the partition w. But when the syphon 
is filled with a fluid, the opposite side of the partition 
w is acted upon by a column of the same transverse 
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Fig. 9. 



dimensions as before, having, however, the height of 33 
or 34 feet, minus the diflference of level between w and 
the surface, h k, of the lower or receiving vase ; this 
pressure, conse- 
quently, is less 
than the first 
It follows, there- 
fore, that if the 
partition w were 
moveable, or, to 
return to the 
actual conditions 
of sjrphons, if 
there were no 
such partition, 
that the liquid 
section at the 
highest point 
would be urged 
in the direction 
A, G, H, by a force 
equal to the dif- 
ference between 
the levels of the 
liquids in the 
upper or lower 
vessels thus put 
in communica- 
tion with one 
another. 

81. In the 
above reasoning 
it is supposed 




'I 



that the pressures exercised in the interior of the sy- 
phon upon the levels of the respective vessels are equal, 
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and of the same character ; but this would not be so 
decidedly the case if the syphon and the vessels were im- 
mersed in a liquid able to exercise a pressure upon the 
exposed surfaces of the reservoirs, such as to counteract 
appreciably that of the column producing motion. Thus, 
for instance, if the vases were filled with mercury and 
immersed in water, the pressures upon their surfaces 
would be very different, and the excess of the first over 
the second would equal that produced by a column of 
water equal to the difference between the levels of 
those surfaces. This excess of pressure, which acts to 
raise the mercury in the longer leg of the syphon, 
would immediately retard the flow ; and the pressure, 
which will really produce the movement of the liquid, 
would only be equal to the difference of the weights of 
two columns of mercury and water having the same 
bases and lengths, equal to those of the respective 
branches measured between the surfaces of the vessels. 
A very curious fact results from this law ; namely, that 
if the liquid exterior to the syphon were denser than 
that in the interior, the direction of the flow would be 
reversed, or that it would take place from the longer to 
the shorter leg of the syphon. This phenomenon 
is rarely exhibited in the transmission of liquids ; but 
it may be observed to take place in the movements of 
heated gases in chimneys, or in artificial ventilation. 

82. In using syphons the ordinary course is to fill 
the instrument with the liquid to be transferred, either 
by pouring a sufficient quantity into the tube> or by 
exhausting the air in the longer leg, which leaves the 
pressure upon the surface of the upper vessel un- 
balanced ; and therefore allows the liquid to rise over 
the sunmiit of the syphon. The ordinary form of the 
syphons used in the arts, or for philosophical experi- 
ments, is that represented by fig. 10, in which a lateral 
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tube, c, B, A, is soldered to the side of the longer leg, 
and has a small bulb at the point c. When this 
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instrument is used, the extremity, d, is closed, and the 
air is exhausted from the interior, the exhaustion is 
known to be completed by the arrival of the liquid at 
j>; if D be then opened, the liquid will continue to flow 
through it; but it must be observed, that inasmuch as 
the longer leg communicates with the air at c, the 
effective pressure is limited by the height of the 
latter. When large syphons are used, as in the case bf 
waterworks, or embankments against the sea, it is 
necessary to have their two extremities immersed ; for 
otherwise the air would enter and accumulate in the 
longer leg to such an extent as to cut off the column. 
To set these large syphons at work, it is usual to 
exhaust the air they may contain^ and then to fill them 
by means of a small pump placed near their summits ; 
when the liquid rises up to the pump itself, its clack is 
fastened down, the bottom valve of the syphon is 
opened, and the passage of the fluid commences. A 
very good description of the syphons used in the Don 
Eeservoirs, by Mr. E. Mallett, will be found in Weale's 
" Quarterly Papers on Engineering, 1847 ; " and in 
Borgnis' " Traits des Machines, vol. 8, Paris, 1819," 
will be found some useful information upon the subjects 
of both pumps and syphons. 

83. Several machines, whose actions depend upon 
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the application of the laws of pneumatics, are used occa- 
sionally in hydraulic engineering, such as the diving 
bell, camels, floating docks, &c. ; but their details be- 
long so much more especially to the other branches of 
practical mechanics, that it may suffice merely to allude 
to them at present, or to describe some of the more 
important of them incidentally in subsequent parts of 
this work. The application of the motive power of 
wind to land drainage is, however, often of so great 
importance, that it seems advisable to dwell upon it 
somewhat more in detail than it is proposed to do with 
respect to the class of machinery just mentioned. 

84. Smeaton, in a paper communicated to the Royal 
Society 1757, drew up the following table of the velocity, 
and the perpendicular force of the wind under different 
circumstances. 

TABLE IV. 



Miles per 
Hour. 


Feet per 
Second. 


Perpendiciilar Force on One Square Foot 
in Avoirdupois Pounds and Farts. 


1 

2 

3 

4 

6 

10 

16 

20 

26 

80 

85 

40 

45 

50 

60 

80 

100 


1-47 

2-93 

4-4 

5-87 

7-38 

14-67 

2200 

29-34 

86-67 

44-01 

51-84 

68-68 

66-01 

73-35 

8802 

117-86 

146-7 


0006 
0-020 I 
0-044 i 
0079 
0-123 
0.492 
1-107 
1-968 
8-076 
4-429 
6-027 
7-873 
9-963 
12-300 
17-715 
81-490 

49-200 


Hardly perceptible. 
Just perceptible. 

Gently pleasant. 

Pleasant, brisk. 

Very brisk. 

High wind. 

Very high wind. 

Storm or tempest. 

Great storm. 

Hurricane. 

1 Hurricane, tearing up trees 
1 and overthrowing bmldings. 



It has been found, practically, that a wind moving 
with a velocity of less than ten miles per hour is not 
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able to insure the working of a com mill ; when the 
velocity exceeds twenty miles per hour it is necessary 
to fori the sails. A wind travelling with the last- 
named velocity is, however, considered to be the most 
suitable for the purposes of navigation. 

85. According to Smeaton also, a windmill yields 
the greatest effect when its sails are made with concave 
surfaces of a rather complex form, the generating lines 
of which, situated at points obtained by dividing the 
length of the sail into six equal parts, form with the 
axis of the shaft, or the direction of the plane of 
movement of the sails, the angles indicated in the 
following table. (The generating line No. 1 is that 
which is nearest to the axis, and it is at this point that 
the sail begins.) Usually the width of the sail varies 
between i and -^ of the length ; and, in the best mills 
it never exceeds ^ of that dimension. 

TABLET. 



No. of 

generating 

Line. 


Angle with 
Axis. 


Angle with 

Plane of 

Morenient 

of the Sails. 


Obaerystione. 


1 

2 

8 middle 

4 

5 

6 


72*-00 
71-00 
72-00 
74-00 
77-50 
8300 


18-00 
19-00 
18-00 
16-#0 
12-50 
7-00 


The angles of the third oolamn 
are the oomplements of those 
in the second. 



86. From the same authority it would appear that 
when the sails of a mill- are well filled, the velocity of 
their extremities, without a load, is equal to four times 
the velocity of the wind ; and that it is necessary that 
the ^velocity of the extremities, with a load, should be 
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2'6 or 2'7 the velocity of the wind, in order to obtaiii 
the maximum useful effect. These same useful effects 
produced, are found to be in the ratio of the cubes of 
the velocity of the wind, and they may be represented 

by the formula P = — — j — , in which P represents 

the impulse in pounds avoirdupois ; t?, the velocity of 
the wind in feet per second ; a', the area of the sail in 
feet ; and d, the angle to the direction of the current. 
Claudel gives a very simple and a very useful formula 
for estimating the power exerted upon a plane surface, 
normal to the direction of the movement of the wind, 
which may be usefully quoted here; it is the one in 
which 

P = i« X Sfe, wherein 
P represents the pressure in lbs. per foot superficial ; 
d, the weight of a foot cube of the air in movement ; 
«, the surface of the plane receiving the shock, measured 
in feet superficial; and h, the height producing the 

velocity, or fe = — according to the usual formula upon 

^ . 
the subject. In this case it is supposed that the baro- 
metric pressure is equal to 30 inches of the mercurial 
column, and that the temperature is equal to 58*6 ; 
under which conditions d would equal 2'71 lbs. avoir- 
dupois. 

87. In Holland windmills are extensively used for 
the purposes of drainage ; and it is the practice in that 
country to employ one miQ, with sweeps of from 80 to 
90 feet in diameter, for every 1250 acres drained, 
provided the Lift do not exceed 5 feet. These mills are 
considered to work upon the average 60 days in the 
year, and to raise an effective total quantity of water 
equivalent to 695,230,000 cubic feet of water lifted 
X foot vertical. But it must be observed that* the 
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Dutch " Windwatermoelen " are very far indeed from 
yieldii)g the maximum working effect they might 
produce if they were built upon the more modern and 
certainly more approved plans. It is extremely rare 
to see a mill which "winds" itself; and still more rare 
is it to see the sails of a mill provided with'self-regu* 
lating wooden blades, instead of canvas sails, which 
must be furled by hand or be blown to rags if an un-^ 
expected storm should arise. In England it has been 
found to be, on the whole, more economical to employ 
steam power than to use the motive power of the wind 
for the purposes of drainage, as we shall have occasion 
hereafter to mention in the chapter of this work, 
especially devoted to the consideration of this question. 
"Where coal is dear, and iron is expensive, windmills 
will always be of the greatest value for engineering 
purposes ; and it is, therefore, much to be regretted that 
this class of engines should have been so systematically 
neglected as it has been of late years, especially by 
English engineers. 

88. Coulomb observed, we may here add, that the total 
annual work of a windmill was only J of the effective 
power which such a machine would be able to produce 
by working continuously under the most favourable 
circumstances. This calculation is very far in excess 
of those of the Dutch water engineers; and the experi- 
ments of both Hachette and d'Aubuisson, show that 
Coulomb was certainly deceived in the matter. It is 
but fair to observe that the class of water raising 
machinery, to which the Dutch windmills are generally 
applied^ is of the rudest and most incomplete descrip- 
tion of " dash wheel," as it is called ; and that really, 
in any machine of this particular description, the 
simplicity of its construction and the facility of its 
repairs are often of much greater importance iJian the 
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attainment of the maximum dynamical effect from the 
motive power employed. % 

89. There are many other phenomena connected 
with the science of pneumatics of great interest to 
the engineer and to the public in general; such as 
those coimected with the movement of gases in pipes, 
aerostation, sound and its transmission, evaporation, 
distillation, crystallisation, &c. ; to some of which it 
will be necessary to refer hereafter in the consideration 
of the practical details of the comprehensive science 
of hydraulic engineering. In the meantime, if the 
reader should require, at once, further information 
upon the numerous subjects thus alluded to, he is 
referred to the other Treatises in this series, especially 
to those upon hydraulics, pneumatics, rivers, &c., and 
to the list of authors to be found in the Appendix to 
the present work. 

APPLIED CHEMISTRY. 

90. The conditions imder which the various building 
materials decay have so great an influence upon the 
stability of the structures erected by the hydraulic 
engineer, that their investigation ought always to com- 
mand attention. There is much obscurity, however, 
with respect to the practical application of the great 
principles of chemical science to building purposes; 
and the various actions and reactions produced by the 
materials used, or by the external agent to which they 
are exposed, have not yet been studied in any conse- 
cutive or philosophical spirit. The following remarks 
must, therefore, be considered rather as an attempt to 
collect and record the little which is actually known 
upon the subject, than as a statement of a body of 
scientific principles. It would perhaps be convenient 
for the purposes of investigation to discuss the 
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condition of the chemical actions observable in btdlding 
materials, 1, in air, and 2, in water ; but these actions 
(are often so intermingled that any snch snbclassi- 
fication can only be partially observed, 

91. Of coarse all these materials are perceptibly 
affected by the changes of volume produced by varia- 
tions of temperature, and in designing any important 
building of the class now under consideration it is 
absolutely necessary to take into account the probable 
effect of the dilation consequent upon an increase of 
that description. Extreme cold, however, exercises a 
more marked influence upon the mechanical structure 
of building materials than the ordinary degrees of heat 
are able to do ; and this influence is itself the greater 
in proportion to the amount of water which may be 
present in the pores of the material. It is indeed 
principally on account of the change of volume pro* 
duced by the passage of the contained water from the 
liquid to the solid state during congelation, that disin- 
tegration ensues ; and it therefore follows, t^at up to a 
certain point, and under certain conditions, the facility 
with which any substance absorbs water may be con- 
sidered to be an indication of its tendency to decay 
under the influence of extreme cold. There appear, 
however, to be several very marked exceptions to this 
rule, at present inexplicable ; for some of the more 
commonly used descriptions of building stone absorb 
water freely, but do not yield easily to the effect of 
cold ; and in the case of the distinctly marked bedding 
of the Yorkshire paving, it rarely happens that the 
water which may exist between the layers causes these 
to separate upon the occurrence of frost. The various 
metals are often seriously affected by extreme cold, 
and this influence extends not only to their change 
of volume, but also to the modifications of their other 
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physical characteristics; for instance, some of ihe 
metals become in times of frost extremely brittle, or 
they lose in fact much of their malleability. Iron is 
especially liable to this action, cast iron even more so 
than wrought ; and it would appear that there is some 
kind of inverse relation, hitherto not clearly ascertained, 
between the rates of fusion of the different metals, 
and their susceptibility of change in their conditions 
of malleability under the action of extreme cold. 
Woods vary less in volume with changes in th^ atmo- 
spheric temperature than the other building materials, 
especially when they have previously lost their sap; 
but even they are not exempt from the action in 
question, and it has been observed that a species of 
torsion of the fibres takes place in wood when directly 
exposed to the sun's rays, and that the fibres slowly and 
imperfectly follow their path. The influence of frost 
upon the cohesion of building materials becomes of 
the most serious importance in cases wherein machinery 
of any description is employed; and it is therefore 
impossible for the hydraulic engineer to exaggerate its 
importance. The rupture of chain cables, tie-rods, 
bollards, &c., when exposed to sudden shocks during 
hard winters, is of suflEiciently frequent recurrence to 
justify the short notice thus given of its danger. 

92. The chemical actions which take place in building 
materials are, however, even more injurious than the 
very decidedly mechanical ones thus alluded to ; but 
they are similarly affected by the conditions of tem- 
perature; and as they depend upon the reciprocal 
influences of the atmosphere, and of the elementary 
substances of the materials in question, it may be 
desirable, first, to notice in general terms the com- 
position of the atmosphere, and then to examine briefly 
the changes it is able to produce : the composition and 
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action of sea water will be noticed incidentally. In its 
normal state, the atmosphere is considered to be com- 
posed of oxygen and nitrogen, in the proportions of 208 
of the former to 792 of the latter ; but it also contains, 
in variable proportions, dependent upon local causes, 
numerous other gases, such as carbonic acid, ammoni- 
acal, hydrochloric, nitrous, sulphurous, and sulphu- 
retted hyOrogen gases ; and it is important to observe, 
that the relative proportion of these gases varies in 
the same locality with the elevation above the ground. 
Messrs. Boussingault and L6vy ascertained that the 
quantity of carbonic acid gas present in the atmosphere 
of Paris was 3-263 parts in 10,000, whilst at Andilly 
it was only 2*989; but L^vy himself considers the 
proportion of this gas usually to vary between the 
limits of from 4 to 6 parts in 10,000. Garburetted 
hydrogen is found most abundantiy in the neighbour- 
hood of marshes ; nitrous acid gas in districts which 
are subject to violent storms. Fr^senius states that 
the quantity of ammonia (in various forms, such as the 
oxide and carbonate) usually to be found in the air, is 
about 0*677 in 100,000; a quantity Boussingault's 
observations would lead us to believe to be less than 
the one which really obtains, for he found that the 
ammonia in rain water varied from 1 to 5*45 in 
100,000, and that the proportion depended mainly 
upon the position of the place where the water was 
collected.^ Under any circumstances, it appears that 
the night air contains more ammonia than than that of 
the day ; that of towns contains more than the air of 
country districts; and from the observations of M. 
Chevalier, it would appear that other forms of ammonia 
(the acetate and hydrosulphate) are often to be dis- 
covered in notable proportions in the air of towns. 
Yogel ascertained that the air of the shores of the 
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Mediterranean and of the Baltic contained a certain 
proportion of hydrochloric acid ; and there seems to 
be every reason to believe that the same fact must 
exist in other localities of the same description, de- 
pendent of course upon the rate and conditions of 
evaporation there prevailing. Many other gases must, 
no doubt, be present in the atmosphere, though firom 
their extremely minute proportions, it is difficult to 
ascertain their precise influence, or even their existence, 
in some cases. 

03. The meteorological conditions of the atmosphere 
are subject to periodical variations, and they have dis- 
tinctly marked phases of nocturnal and diurnal energy, 
unless any extraordinary circumstances should occur to 
modify their action. Thus, in clear weather the atmo- 
sphere attains two maxima and minima in its electrical 
state ; the first maximum occurring between seven and 
nine in the morning, and the second between seven and 
nine in the evening ; the first minimum about four in 
the morning, and the second between five and ten in 
the evening : but it must be observed that the hygro- 
metric state of the atmosphere frequently modifies the 
above cited periods. The intensity of the sun's light, 
and, therefore, necessarily that of its actinic influence, 
has its maximum rather before midday, and it hastwo 
minima corresponding nearly with twilight. A maxi- 
mum occurs in the temperature about two o'clock in 
the afternoon, on the average of the yestr, but there 
is a slight irregularity accordiQg to the seasons; a 
minimum occurs, according to M. Bouvard's observa- 
tions carried on in Paris, when the sun, in the early 
part of the day, occupies a position* of about 14® 17' 
below the horizon ; the period of the diurnal mean 
temperature varies in the different months of the year. 
It is about midday that the atmosphere is generally in 
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its driest state, and about midnight it contains the 
greatest quantity of moisture; whilst it is between 
midnight and sun-rise that the greatest deposition of 
dew takes place, on account of the greater degree of 
cold we have already seen to prevail about that part of 
the day. In our particular (northern) localities Ihe dis- 
turbances of the barometric action are not characterised 
by any regularity ; but, as a general rule, there appears 
to be a tendency in the atmosphere to increase in 
pressure in the morning, for the mercury in the baro- 
meter then generally rises; it falls about midday; 
rises again about sunset; and falls once more about 
midnight. In fact, however, it may be considered that 
the fluctuations in the meteorological conditions of the 
atmosphere are affected by the relative positions of the 
Bun and of the earth ; and that they rudely correspond 
with the cardinal positions of the former of those 
bodies, at its so-called rising and setting, and at mid- 
day and midnight. In London itself, the mean tem- 
perature throughout the year is 50^ 50^ whilst that 
of the adjacent country districts is 48^ 50^ The 
thermometer in that town very rarely rises about 96®, 
and the greatefst cold recorded has never descended 
below*5° under zero of Fahrenheit's scale. The mean 
range of the barometric pressure does not exceed 
2*07 inches. 

94. One of the most important conditions of the 
atmospheric action upon building materials is that one 
connected with the rate of evaporation, and the amount 
of humidity in suspension ; and the intensity of these 
respective phases of the hygrometric influence is the 
greatest at precisely opposite seasons of the year. 
That is to say : evaporation is the most active in the 
summer, and the least active in the winter months ; 
whilst the opposite law prevails with respect to the 
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amount of moisture' in suspension in the atmosphere. 
Thus, Mr. Daniel estimated the total mean evapo- 
ration in the neighbourhood of London at 23'974 inches 
per annum, ranging in the various months of the year 
from about half an inch in January and December, to 
3f inches in June, and 3j inches in July ; and, 
assuming the complete saturation of the atmosphere 
with humidity to be represented by 100, that of the 
months of December, January, and February will be 
expressed by 92. In the intervening months the 
humidity diminishes with tolerable regularity to a 
minimum of 78 at the end of June, excepting that a 
trifling irregularity occurs in the month of May. It 
thence appears that the greatest amount of moisture is 
suspended in the atmosphere precisely at the period 
when the temperature is the lowest, and when frost is 
the most likely to affect the moisture which, might be 
absorbed by the porous building materials ; whilst, on 
the other hand, evaporation take3 place with the 
greatest energy at the period when the conditions of 
temperature would be most favourable to the pro- 
duction and development of the salts generated by the 
action of the absorbed moisture upon the earthy bases 
of those materials, which salts are either themselves 
actively destructive, or from the fact of their solubility 
or of their deliquescence, facilitate the decomposition of 
the various metals, stones, or timbers. 

95. The conditions under which mineral substances 
have crystallised appear to exer^se a great and 
hitherto unexplained influence upon their powers of 
resistance to external agents ; and it would also appear 
that it is a matter of great importance to have the 
original crystallisation undisturbed. Thus, in the 
cases of the various descriptions of silica usually dealt 
with by the hydraulic engineer, we find that the 
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decidedly characterised form of the *^ quartz " is able 
to resist any ordmary amounts of heat and nearly all 
chemical actions, but that flint, an imperfectly or 
amorphously formed crystallisation of silica, is suscep- 
tible of decomposition in caustic alkalis under high 
pressure ; and that the silica beds of the subcretaceous 
group can be reduced with cbmparatiye ease to the 
gelatinous form without pressure. Again, the amor- 
phous limestones, such as the common chalk, are 
soluble in water with comparative ease ; but the more 
decidedly crystallised oolites, or any of the more dense 
and more regularly formed stones or marbles, resist 
the solvent action of that element in a very marked 
manner. But all forms of crystallisation are not thus 
permanent, and there is, for instance, a large class of 
materials used in building — ^the sulphates of lime — 
which slowly dissolve under the action even of the 
moisture in suspension in the atmosphere. Any me- 
chanical interference with the crystals of the various 
bodies under consideration has a decided influence 
upon their durability, not only because it destroys the 
coherence of the mass, but because it leaves the 
separate molecules more exposed to the attacks of 
external agents. It is for these reasons that it is 
undesirable to attempt to alter the forms of metals 
after they have once crystallised in cooling ; nor can 
the practical results obtained by the lamination of 
iron, lead, or zinc be considered to invalidate this 
opinion; because, first, those metals possess rather 
more of a fibrous than of a distinctly crystalline 
character, and secondly, there is reason to believe 
that a fresh arrangement of the crystals actually takes 
place under the influence of the various actions deve- 
loped during, or by the composition. In the case of 
the cast, and subsequently rolled glasses, the effects of 
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the subsequent interferences above alluded to may 
often be distinctly observed. 

96. The hydraulic engineer, however, is most 
directly interested in the study of the influence of 
the laws of crystallisation upon the resistance of such 
materials as bricks, and limes and cements, which 
enter so largely into the constructions he is employed 
to direct. It would appear, in these cases, that the 
durability of the silicates, whether simple or compound, 
depends mainly upon the facts of their gradual forma- 
tion, if obtained solely in the humid way, or of their 
formation under the influence of intense heat, if 
obtained by any rapid process. It is for this reason 
that the powers of bricks to resist decay depend mainly 
upon the degree of burning to which they have been 
exposed. Of course this degree must vary with the 
composition of the clay of which the bricks are made, 
and it would be the least in those clays containing 
bases able easily to form crystalline double silicates in 
combination with the alumina; but it is notorious, 
that the imderbumt pulverulent bricks, or those in 
which no indications of a rude crystallisation can be 
observed, rapidly decay in damp positions, although 
even there they may serve one good purpose, to be 
noticed hereafter ; whilst the dense, semi-vitreous, and 
crystalline texture of the harder burnt bricks enables 
them to resist external agencies. In the phenomena 
connected with the solidification of some limes the 
facts above mentioned are perhaps even more distinctly 
observable; for it is now established with tolerable 
certainty, that limes and cements only resist the dis- 
solving action of sea-water when they have previously 
given rise to the formation of a subcrystaUine double 
silicate of lime and alumina, or of lime and magnesia. 
This double silicate is formed slowly in cases wherein 
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the lime is obtained from the argillaceons limestones 
contaiaing small doses of alumina, more rapidly in 
those wherein the clay exists in larger proportions in 
the stone ; but in neither of these cases do the resulting 
cementitious materials attain the ultimate hardness or 
powers of resistance which they do when obtained from 
a mixture of the proper proportions of chalk and clay 
(carbonate of lime and silicate of alumina) burnt at 
so high a temperature as to produce^ the commence- 
ment of vitrification. It is upon this principle that 
the Portland cement may be considered to be so much 
superior to other materials of the same description ; 
aad it is upon the principle of the slow formation of the 
silicate of lime and alumina in the humid way, that we 
may explain the useful action of the soft bricks aUuded 
to above. The alumina is, in &ct, gradually taken up 
by the lime, or a portion of the lime passes into com- 
bination with jthe alumina of the bricks, by a species of 
interchange when such materials are constantly ex- 
posed to water; in workmen's phrase, they thus 
become " water bound." But alike whether the com- 
bination take place slowly or rapidly, whether it take 
place in the dry or in tixe humid way, neither the 
simple nor the double silicates can be resistant 
to external meteorological agents unless they have 
assumed a commencement of crystallisation, and the 
more perfectly that action has taken place the more 
permanent will be the resulting substance. 

97. Of the natural building materials, so to speak, 
usually employed, a very large and important class — 
viz., iJiose containing much felspar, such as the plu- 
tonic rocks, or the granites, porphyries, whinstones, or 
basalts — ^yield to the ordinary action of the atmosphere 
in variable degrees, according to the composition of 
the felspar itself and to the conditions of their 
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crystalline arrangement. It may be that the greater 
compactness of some of these materials influences their 
resistance, and that their homogeneity, or their mixed 
structure, may likewise have some effect ; for, evidently, 
the more open-grained or porous materials must absorb 
greater quantities of water than the denser ones, and 
they must, consequently, be more likely to be affected 
by the ^hanges of form of the water itself: and it must 
equally be evident that the different rates of expansion, 
of the elementary substances which enter into the 
composition of the various compound bodies must tend 
to disintegrate the latter, if those rates be allowed to 
operate in their most extreme degrees. The decay of 
these materials, then, may be considered to be as much 
mechanical as it is chemical ; and a safe rule may be 
established as to their use, namely, that those should 
be preferred which, sui generis^ have the smallest 
grain, the most regular crystallisation, and the simplest 
composition ; the mere specific gravity of the plutonic 
materials is in itself nearly an infallible criterion of 
their powers of resistance to meteorological agencies. 
The same remarks may be extended to the slate rocks, 
for their durability mainly depends upon their density 
and the even texture of their mass. 

98. In the sandstones and conglomerates, decay may 
proceed from either the decomposition of the cementing 
materials, or from the mechanical disintegration result* 
ing from the unequal contractions produced by changes 
in the state or temperature of the atmosphere. If, for 
instance, the cementing material should be a limestone, 
or even a clay, it may often be soluble in water fre- 
quently renewed, especially when that water contains 
any appreciable proportion of carbonic acid gas, as is 
almost always the case in rain water. Or again, if the 
cementitious material should be simply of a different 
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capacity for heat to that of the substances united, or 
if they should principally be disposed in layers between 
the principal ingredients of the mass ; frost will be 
very likely to cause them to disintegrate. It is thus 
that stones, such as the Bramley Fall, in which the 
cementitious material to the large grains of silica is 
itself nearly a pure silica, resist external causes of 
decay with remarkable energy. Whilst, on the other 
hand, some of the Yorkshire stones, those in which 
the layers of agglutinated sand are occasionally 
separated by means of thin sheets of clay, are markedly 
exposed to decay from the fact of the filtration of 
water between the various beds. It is, however, im- 
portant to observe, that the decay which actually arises 
wi£h these materials does not affect the silica, or their 
main element, so much as it does the cementing 
material, or the adventitious substances entering into 
their composition. With limestones, however, this 
ceases to be true, for both the carbonates of lime 
(whether argillaceous or not) and the magnesian lime- 
stones, are more or less easily soluble in pure water, 
or in water containing smaU doses of carbonic acid. 
It may, therefore, be considered that the hydraulic 
engineer should avoid, as far as possible, the use of 
building materials of this description under water; 
and if from local considerations of economy he should 
not be able to use the siliceous stones of a dense, 
uniform, and crystalline nature, he must be careful in 
selecting such limestones as are likely, from the con- 
ditions of their structure, to resist the action of the 
element to which they are exposed, or, in other words, 
to select the densest, most uniform, and most crystalline 
varieties of limestone. 

99. When permeable building materials are exposed 
to alternations of wetness and dryness, or are used 
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upon the limits of their capillary action on the 
moisture of the ground, a chemical effect of a more 
complicated nature than either of those hitherto con- 
sidered begins to take place. In proportion to the 
permeabilitpr of these materials themselves new salts 
are formed, by the decomposition of the original 
elements under the influence of the water, and of the 
, gases which permeate their various substances. Not 
only does this action cause the bodies exposed to it to 
decay, on account of the chemical changes it super- 
induces, but the efflorescence of, the salts thus formed 
tends to destroy the substances in which they are formed 
by the mechanical force developed in the process of 
their crystallisation. The generally received opinion 
on the subject of the formation of these salts is that 
they consist of the nitrate of soda — the saltpetre of 
commerce — or of the nitrate of lime, and that the 
nitrogen is furnished by the decomposition of the 
animal matter which is diffused through all stratified 
deposits. Dumas states that azote and oxygen combine 
most readily under the influence of electricity ; bat 
that the energetic bases, such as lime and magnesia, 
may suffice, especially when water is present, to replace 
that intermediate agent. However the formation of 
saltpetre upon building stones be explained, it is 
certain that it is produced in the greatest abundance 
in the zone of the alternations of dryness and humi- 
dity ; and it may be observed that building materials 
decay, from this cause, much more rapidly when they 
are exposed to the action of tides, or at a small height 
from the ground, than they do under water, or im- 
mediately in contact with damp earth. It is, therefore, 
necessary to use, in positions exposed to the alterna- 
tions above referred to, only such materials as are of a 
dense, uniform character, and are composed of elements 
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insoluble in water. Ordinary carbonates and magnesian 
carbonates of lime should not be used in these posi- 
tions ; but whereyer it is possible so to do, the crystal- 
line, or conglomerate, silica rocks should be employed, 
for they resist the chemical actions of gases quite as 
effectually as they resist the solvent action of water. 

100. Wood when employed in works connected with 
hydraulic engineering is exposed to several special 
causes of decay, arising from the peculiar series of 
changes which take place in its elements under the 
influence of the organic substances it contains. The 
decomposition and fermentation of the sap, and the 
apparently spontaneous development of fungoid 
bodies, are amongst the most striking illustrations of 
these changes; but in addition to them, wood is of 
coarse exposed to the ordinary laws of inert chemistry, 
BO to speak. The danger arising from the first cited 
causes of decay may almost entirely be obviated by 
observing the simple precaution of not placing the 
wood in a building until the whole of the sap has been 
withdrawn^ and of maintaining something like a cir- 
culation of air round the portions buried in walls, if 
some portions should be thus buried, and others 
exposed to the air ; for it is io be observed that woods 
which are constantly covered, either by earth or by 
water, do not decay in the same manner as those which 
are partially exposed. It is impossible at present to 
explain the reasons for the different resistances of 
woods, even under precisely similar circumstances ; but 
it is essential for the hydraulic engineer to observe 
that such woods as oak and fir resist more effectually 
alternations of wet and dry, or, to use the workman's 
phrase, ''last better between wind and water,'* than 
beech) ash, or elm ; but that elm lasts for a very long 
time if kept constantly under water, and that beech 

e2 
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piles are even more durable than fir ones in damp 
ground, when the air can have no access to them. In 
either of the cases thus named there is no reason to 
fear the kind of decay resulting from the fermentation 
of the sap ; for this action appears to require the 
presence of warm damp air, rather than the existence 
of constant moisture ; and it is for this reason that 
freshly . cut timber may be used in pile foundations 
which are not exposed to changes in their conditions 
of humidity, whilst it is indispensable to employ in the 
open air, or in exposed positions, properly seasoned 
wood, free from sap. When wood is only exposed to 
ordinary atmospheric changes, its preservation may, to 
a great extent, be secured by filling in the pores of the 
exposed surface with paint, or any other material of a 
nature to prevent moisture from penetrating to the 
interior; but it is essential, even in such cases, that the 
sap should be entirely removed before the external 
pores aye closed, or the subsequent fermentation which 
will take place in it, will produce a peculiar decom- 
position of the woody fibre known amongst practical 
builders by the term, "wet rot." The " dry rot" is a 
species of fungoid growth, considered to be extremely 
destructive to wood; but perhaps it would be more 
philosophical to say that the fungoid growth in question 
developes itself in the most distinct manner under the 
circumstances which are most injurious to wood, titiat 
is to say, in confined, stagnant, warm, damp air. 

101. Metals when exposed to the atmosphere are 
liable to decay, not only on account of the new com- 
pounds they form with the gases therein present, but 
also on account of the electro-chemical changes they 
undergo. As the number of metals used in ordinary 
building operations is confined practically to a very 
few, such as iron, lead, copper, tin, zinc, and the mixed 
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metals brass, or bronze, it may suffice to notice briefly 
the phenomena to which their exposure gives rise 
imder ordinary circumstances. 

a. Iron decays, or rusts, by the formation of a 
hydrous oxide of that metal, which is soluble in water 
frequently renewed, or which detaches itself in scales 
in ^e open air. When carbonic acid gas is present, 
the decay takes place with great rapidity, and it is 
even considered by some authorities that liie presence 
of that gas is absolutely necessary for its development. 
Reasoning upon this supposition, M. Yicat and the 
French engineers adopted the system of surrounding 
the iron work they were obliged to bed in masonry 
with a hydrate of rich lime, believing that the latter 
would, on account of its great affinity for carbonic acid, 
prevent that gas from acting upon the iron. To a 
certain extent this reasoning is correct, but it is 
impracticable to keep the hydrate of lime in such 
immediate contact with the iron as to prevent the 
passage of moisture between the two substances, and 
the sad failure of the Suspension Bridge at Angers, in 
consequence of the rusting of the cables supposed to 
have been protected by their immersion in the hydrate 
of lime, may be referred to as an illustration of the 
danger of the system. It is usually considered that 
waters containing in solution small quantities of earthy 
salts act less injuriously upon iron than purer waters 
would do ; and M. Payen ascertained, by direct experi- 
ment, that the addition of very small quantities of the 
sub-carbonate of potassa or of sodium to pure water, 
rendered the latter innocuous to either cast or wrought 
iron, and that the same preservative effect was to be 
observed in all ^alkaline solutions. On the contrary, 
however, he found that the addition of a small quantit}"* 
of the chloride of sodium accelerated the ordinary 
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rate of oxidation. It appears that grey cast iron is 
more susceptible of rusting than either wrought iron, 
or white cast iron; and that the wrought metal 
resists the action of sea water better than the cast. 
When iron is exposed to frequent shocks, or vibratory 
movements, it is less affected by rust than when it 
remains constantly in one place without such dis- 
turbance ; but the positions in which iron decays the 
most rapidly are those where it is fixed/and is ^ter- 
nately exposed to the air, or immersed in sea water. 
Ammoniacal and sulphuric acid gases exercise very 
serious effects upon the durability of iron. 

b. Zinc when exposed to the atmosphere in its 
ordinary state rapidly combines with the carbonic 
acid contained therein, and gives rise to a whitish 
efSiorescence adhering to the material and constituting, 
as it were, a protective varnish. When, however, any 
sulphuric or hydrochloric acid is present, as on the sea 
shore, or in towns like London, where much coal is 
burnt, various other compounds of a soluble nature 
are formed. In sea water naturally these compounds 
are formed more rapidly than in the air. 

c. Copper resists external destructive agencies in a 
very remarkable manner ; and many of the gases above 
enumerated, which are so injurious to other substances, 
are without effect upon it. Upon exposure to the air 
a film of either the oxide or the carbonate of copper is 
formed over the surface of the metal, and it effectually 
protects the latter against subsequent attack. Formerly 
copper was likewise considered to be able to resist the 
action of sea water better than any other metal could 
do ; but of late years it has been asserted that a mixed 
metal, or species of bronze made of copper and zinc, 
resisted both the atmosphere and sea water more suc- 
cessfally than pure copper alone. 
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d. Lead undergoes little change npon exposure 
either to air or water, especially when the latter con- 
tains any of the salts of lime. Brande, however, makes 
the very important observation, that when lead is kept 
in distUled water to which air has access, small crystal- 
line scales of the oxide of lead are formed, a portion 
of which dissolves in the water and is again slowly 
precipitated in the form of a carbonate. As the very 
pure, soft waters are nearly analogous to distilled water 
in their chemical composition, the same actions must 
take place with them ; and it is notorious that they 
produce very distinct effects upon the lead to which 
they have access. The use of lead for cisterns must, 
therefore, be regulated by the nature of the water to 
be preserved in them ; but there does 'not appear to be 
any reason why lead should not be applied in every 
district for ordinary purposes of construction. 

102. A very curious, and a highly important, effect 
is observed to take place when two metals are placed 
in contact with one another, and when moisture has 
access to them. A species of galvanic action takes 
place, which causes one, or sometimes both of the 
metals to decay with great rapidity ; and this may be 
observed to be the case whether the moisture contain 
carbonic acid or not, although it is most perceptible 
when that gas is present. Thus the feet of iron raiUngs 
when run with lead into stone, or iron cramps, tie-rods, 
sockets, &c., run with lead into the masonry of locks 
or other hydraulic works, decay very rapidly, and the 
more so, in proportion to the purity and the mallea- 
bility of the iron itself. A similar phenomenon may 
be observed to take place when iron is in contact with 
bronze, or with copper, in sea water ; but, in this case, 
although the iron decays rapidly, it would appear to 
exercise a preservative influence upon the copper. 
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The preservative electrical action thus developed is not 
by any means confined to iron and copper, but it would 
appear generally to take place when two metals are in 
contact, and are immersed in a solution of any alkaline 
salts. Thus it is that zinc, tin, andiron, protect copper 
in sea water ; that zinc protects iron and tin, but is 
itself rapidly corroded if used in sea water in contact 
with iron ; that tinned iron decays unequally in that 
element, the iron oxidating rapidly, whilst the tin 
remains intact; and, indeed, the destruction of iron 
seems to take place more rapidly when that metal is in 
contact with tin than when it is in contact with copper. 
When waters contain much of the bicarbonate of lime, 
that substance is often deposited upon the soldered 
joints of the pipes through which it may pass, in con- 
sequence of a decomposition produced by the galvanic 
action of the metal of the pipes, and of the joints. It 
will be necessary to revert to this subject hereafter, in 
the portion of this work devoted to the consideration 
of the distribution of water to towns. 

103. Mr. Eobert Mallet has made many valuable 
experiments for the purpose of discovering some 
method for preserving iron from rusting, which have 
been recorded in the " Transactions " of the British 
Association for the Advancement of Science. From 
these experiments, it would appear that a coating of 
gas tar, applied hot, is the most efficacious protection 
to iron-work exposed to cold water, and that a coating 
of caoutchouc varnish is preferable when the iron is 
exposed to hot water ; but that neither of them can be 
considered to be a durable defence. The process of 
coating iron with zinc, or galvanising it, is considered 
by some persons to be the surest mode of protecting the 
former metal; if, however, the protecting coat should 
be chipped or scaled o£E^ the decay of the portions thus 
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exposed would take place with even greater rapidity 
than it would have done if no attempt had been made 
to guard against the danger ; because, really, a galvanic 
action then. " sets up," and facilitates the oxidation of 
the iron. So long, in fact, as the iron is covered it is 
in an electro-negative state, and it is known that during 
the existence of this state there is little tendency on 
the part of the iron to combine with oxygen ; but this 
ceases to be the case when the iron is uncovered, for 
it is then free to assume any electrical state which may 
be superinduced by the atmospheric or other conditions 
around it, and then to decay as usual. 

104. In the preceding remarks no particular atten- 
tion has been directed to the composition of sea water, 
but the chemical actions it produces are sufficiently 
important to justify a cursory allusion to the subject, 
and at the same time to justify the reference of the 
student to the authors who have treated the subject in 
greater detail than would be consistent with the limits 
of this treatise. Sea water, then, has a specific gravity 
of 1*026 or of 1*028 ; and its freezing point is usually 
about 28*5°. Formerly it was considered that its com- 
position did not vary much, from whatever latitude or 
longitude it was obtained, provided only that the 
depth from which the sample was taken was suffi- 
ciently great to ensure exemption from local disturb- 
ing causes ; but the researches of Drs. Marcet, 
Daubeny, of Lenz, and of the French engineers, 
would appear to prove that notable differences may be 
found in sea water. Thus, Daubeny states, that the 
quantity of bromine present will yary at times from 
0*915 grain in 1 gallon to 1*7 grains ; Dr. Marcet says 
that the Southern Ocean contains more saline matter 
than the Northern, in the ratio of 1*02919 to 1*02757 ; 
and Daubeny states, in conformity with Lenz, that the 
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Atlantic is Salter than the South Sea, and that the 
Indian Ocean is Salter on the west than it is on the 
east. It would also .appear that there exists a maxi- 
mum of saltness towards the north, and towards the 
south, of the equator in all the oceans. Engineering 
operations are, however, seldom carried on in mid 
ocean, and it is to be observed, that the differences in 
the composition of the waters near the shores depend 
more upon local or accidental circumstances than they 
do upon any general law. Thus, the intermixture of 
fresh and salt water produced by the discharge of a 
river into a bay, the local rate of evaporation, and 
even the character of the impurities the fresh waters 
are likely to bring down with them, will materially 
affect the destructive action of the sea upon building 
materials. 

105. It is usually considered that sea water retards 
the setting of limes and cements, by reason of the 
chloride of sodium and the other saline matters it 
contains ; and if this be correct, the following table 
will be of interest ; it contains the saline contents in 
1000 parts of sea water (as given by Mallet, "Trans- 
actions " B. A., 1840, p. 233) :— 



Arctic Sea 

North Atlantic . 

Equator 

South Atlantic . 

Mediterranean 

Sea of Marmora 

Black Sea 

Baltic 

Dead Sea 

British Channel . 

Irish Sea 



28-30 Marcet 
42-60 
39-20 

41-20 „ 
39-40 Laurent 
42*00 Marcet 
21-60 „ 
6-60 „ 
385-00 
35-50 Sweitzer 
33-76 MaUet 
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But perhaps the most destructive agent, so far as the 
instable combinations of lime and silica are concerned^ 
is the magnesia present in sea water ; and this varies 
but little in any ports hitherto observed. There are, 
however, very marked diflferences in the quantities of 
carbonic acid or H)f the hydrosulphuric acids to be 
discovered in the waters near large towns especially ; 
and as they also are very powerful in their destructive 
actions upon the materials exposed to them, it becomes 
essential to examine carefully the nature and com- 
position of sea waters before exposing new and untried 
materials to them. A great deal of useful information 
on these subjects is to be found in the various papers 
lately published by Messrs. Vicat, Minard, Chatoney, 
Noel, &c., in the " Annales des Mines et des Fonts 
et Chauss6es," subsequent to 1866 ; in the " Pro- 
ceedings " of the Eoyal Institute of British Architects, 
and of the Institution of Civil Engineers. Mr. Mallet's 
papers in the " Transactions" of the British Association 
for 1838 and 1840 are the most practically useful of 
any hitherto published as to the action of sea water 
on iron or on mixed metals, with respect to which, 
also, the publicatious of the Boyal Society and the 
various technical journals may likewise be consulted. 
The most important results hitherto ascertained being 
that in the composition of mortars and cements for 
hydraulic works in sea water; there should be present 
a proportion of free lime, depending upon the carbonic 
acid or the sulphuretted hydrogen present in the sea ; 
and that the contact of dissimilar metals, the scant- 
ling of a piece of cast or wrought iron, the contact of 
cast iron with wrought iron or steel, or even of one 
cast iron with another, may materially affect the 
rates of decomposition of the respective ingredients 
when immersed either in sea water or in what are 
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technically known as the bad waters of mines. There 
is, unfortunately, still a great amount of uncertainty 
upon the whole of this branch of applied science, to 
some of whose details we shall have to refer hereafter 
in the description of the accidents to which hydraulic 
works are exposed. 



CHAPTER n. 
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106. The functions of vegetable life cannot be 
carried on without the presence of a certain quantity 
of water, inasmuch as the fluids which circulate in their 
tissues are almost entirely composed of the water 
taken up by the roots from the ground. With the ex- 
ception, however, of some aquatic plants, the majority 
suffer from an excess of humidity ; and when water is 
found in an agricultural district in large quantities, it 
is as injurious as its absence is in other cases. Thence 
arises the necessity for draining lands surcharged with 
water, on the one hand; and for inrigationy on the 
other. It is equally important that air should be 
allowed access to the roots of plants ; but the opera- 
tions of ploughing, harrowing, hoeing, &c., by which 
this object is effected, belong to the science of agricul- 
ture rather than to engineenng. 

107. The causes of the excess of moisture in any 
particular district depend upon the rain-fall, the naturid 
configuration of the land, and the nature of the surface 
and the subsoils ; and, conversely, the same causes 
influence the dryness of other districts. 

108. The distribution of rain is very unequal, not 
only when large divisions of the globe are considered, 
but also over very confined areas. This is a natural 
consequence of th^ laws affecting the production of 
rain ; for it is caused, firstiy, by the heat giving rise to 
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evaporation, and then by the winds earring the vapour 
to a distance, until it is precipitated, either by contact 
with the cold earth, or by meeting with another mass 
of air so much colder than itself as to absorb the heat 
which holds the moisture in solution. In the tropical 
regions, the rain-fall is greatly in excess of that of the 
temperate zones ; but from the greater uniformity of 
temperature, it also happens that the fall is confined 
within a much more limited space of time ; the total 
quantity is greater, but the number of rainy days is 
less, and the law appears to prevail that the number of 
rainy days increases with the latitude, north and south 
of the Equator. But local circumstances modify these 
general laws to a great extent; so much so indeed, 
that in nearly the same parallels of latitude one district 
may be subject to frequent floods, whilst another may 
be constantly, or periodically, exposed to droughts. 

109. The quantity of rain, for instance, is always 
less on plains than it is on elevated table-lands, 
especially when the latter are connected with mountain 
chains. On ihe sea shore also, it is greater than in 
inland districts, because necessarily more vapour rises 
from the sea than from the land. The existence of 
particular currents in the ocean will at times give rise 
to an excess of rain on the shores round which it flows, 
an instance of which may be cited in the gulf stream, 
which causes the great rain-fall in the southern and 
western counties of England and in Ireland. The 
prevalence of certain winds will also augment or 
dinunish the quantity of rain, according to whether 
they blow over surfaces able to affect in any way the 
amount of evaporation. Thus, in Europe, if the wind 
blew always from the north-east, it would never rain ; 
whilst if it always blew from the south-west, the rain 
would never cease on the sea coast. It is to these 
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various causes that we must attribute the local differ- 
ences between the number of rainy days, which, in the 
instance of Ireland, are about 208 out of the total 
365 ; in that of the greater part of England, France, 
and the north of Germany, they vary from about 153 
to 155 rainy days in the year ;. and in that of Siberia, 
it is stated that the number falls to 60. Nor are the 
quantities falling less variable than is the number of 
the days ; for we find that the total quantity registered 
near London is, on the average, about 34*75 inches per 
annum ; whilst near Plymouth it is about 38 inches ; 
at Manchester, 37*5 inches; at Seathwaite, 140*6 inches; 
at Glasgow, 33*5 inches ; and near Edinburgh, at Glen- 
corse, in the Pentland Hills, 36*25 inches. 

110. The natural configuration of the country affects 
the amount of moisture retained, by the greater or less 
facilities it may offer for its removal. Evidently, a 
district presenting sharp declivities on every side, with 
few depressions to hold water in pools, must not only 
throw off the latter with great rapidity, but also furnish 
few means of maintaining evaporation when the fall 
of rain shall have ceased. The outline and direction 
of the watercourses also materially influence the length 
of time during which the water may be retained. And, 
indeed, the majority of cases in which marshes occur 
may be attributed to the physical causes connected 
with the surface of the earth ; either, in fact, to the 
existence of a zone of surrounding country at a higher 
level, or to the existence of a watercourse in a similar 
relative position. 

111. The natures of the surface and of the subsoils 
produce effects upon the humidity of a district which 
are more readily under control tiian the causes pre- 
viously alluded to. They act either by retaining the 
surface waters, or by giving passage to the springs fed 
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by lands at a greater distance ; and it is of the utmost 
importance to be able to distinguish between these two 
sources of humidity, as the surface drainage adapted 
to the first, under some circumstances is utterly inef- 
fectual to remedy the second. 

For drainage operations, the strictly correct geo- 
logical descriptions of the various strata may be 
neglected, and they may be divided simply into two 
classes, the porovs and the impervious. The former 
comprises aU those consisting of loose materials which 
absorb water easily and allow of its passing freely, 
such as gravel, sand, loamy clays, and the comminuted 
upper strata of most of the limestone formations. The 
latter consists of stiff blue clays, or of the plastic clays 
found in such abundance in some districts; of some 
kinds of gravel cemented by argillaceous, calcareous, 
or ferruginous materials ; and of such limestone, sand- 
stone, or granitic rocks as present a close grain without 
any fissures. No regular order of superposition of 
these descriptions of strata exists in nature, and from 
their complication arise the greatest difficulties in 
drainage. 

112. In such cases as those in which a pervious 
stratum lies upon an impervious one, the water falling 
from the clouds permeates the former until it meets the 
latter. If, then, no escape be furnished by some natural 
overflow, the water must accumulate in the lowest de- 
pressions, until the hydrostatic pressure of that in the 
higher portions forces it to the surface in any lower 
ones whose conditions of level may be such as to allow 
of its rising over the surface. It may frequently 
happen, that a natural overflow exists at a small 
distance from the surface, but not at such a depth as 
to prevent the existence of great moisture in the main 
body of the stratum, although no external indication 
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beyond the character of tiie herbage may indicate the 
moisture. The great objects, therefore, in all drainage 
are, not only to remove the surface waters, but more 
particularly to cut off the subterraneous waters, which 
either rise to the. surface, or are confined beneath it. 

113. The removal of surface waters is a compara- 
tively simple operation; for it may be effected by simply 
dressing the land into ridged, and giving these ridges 
an outfall into a drain or ditch all round the field. 
The ditch itself would pour its waters into any natural 
course, and the latter may at any time be enlarged or 
improved, by observing the principles regulating the 
flow of water in open channels, laid down in page 26, 
and subsequently, of this Treatise. The conditions 
to be observed being that the channel should be able 
to carry off, at a suitable velocity, the maximum quan- 
tity of water likely to be thrown into it within a 
definite period; and that the velocity should not be 
such as to endanger the bottom or the sides. If the 
outfall drain be artificially made, it is, generally speak- 
ing, desirable that it should be impermeable. 

114. Operations connected with the improvement of 
an outfall affect very large areas, and would seem 
almost to call for some action of the Legislature. In 
many individual cases, so to speak, it is beyond the 
power of one proprietor to undertake them ; and the 
only course left open to him is, to isolate his own land 
by diverting any water flowing from other districts, 
and to remove that which falls upon his own, by means 
the best adapted to effect that object economically. 
The execution of an intercepting drain will very fre- 
quently suffice to remove all the subterranean waters^ 
should such be found, by stopping the flow of the 
latter in what would otherwise be iJieir natural direction, 
and thus leave merely the rain-water falling over the 
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particqlar district to be dealt with. In such countries 
as Holland, and the fens of Lincolnshire, Bedford- 
shire, &c., the intercepting drain itself becomes the 
outfall, and a means of communication ; for the main 
drains are used as canals, and the waters from the low 
lands are pumped into them either by windmills or by 
steam power, as may be most expedient. 

115. In hilly xsountries it rarely happens that any 
difficulty occurs from the direction or inclination of the 
watercourses, and in them the question of outfall is 
not so complicated as in the lower and more level 
districts near the embouchures of rivers. The longi- 
tudinal section of the centre line of nearly all the 
rivers is, in fact, a concave parabolic curve, the apex 
of which is in the elevated grounds near its source. 
The velocity, imder such circumstances, is very great 
in hilly countries, and the streams are able to keep 
their course in a tolerably straight line, if even they 
do not continually tend to rectify any bends which 
may naturally exist. But in- proportion as the rivers 
approach the sea, or other large rivers, they usually 
flow through fiat alluvial deposits, or through level 
plains of earlier formations. The velocity of the 
water diminishes, and the gradual deposition of matters 
brought down from the hills raises the bed of the river, 
whilst the direction becomes tortuous from the inca- 
pacity of the stream to overcome the obstacles to its 
progress. In no country in the world can more strik- 
ing illustrations of these laws be found than in Eng- 
land ; nor, perhaps, is there any country where *well- 
directed works for the purpose of obviating their in- 
conveniences would be attended with more brilliant 
results. 

116. Before, however, commencing any rectification 
of the bed of a river or stream, it is necessary to in- 
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quire carefully into all the numerous commercial in- 
terests which are likely to be affected by the alteration. 
A plan of the existing watercourse and its various 
affluents^ with longitudinal and transverse sections of 
the beds and banks to a considerable distance on 
each side, is required; observations upon the flood 
and summer levels, and upon the seasons and dura- 
tion of the changes in the volume of the stream, must 
be made ; and, lastly, a careful notice must be taken 
of the nature of the materials carried down, the mode 
in which shoab are formed or the banks destroyed, 
and the nature of the river-bed in its normal state. 

117. If the stream follow a very tortuous course, a 
new channel in a direct line evidently would shorten 
the distance between its extreme points^ and increase 
the inclination of the water line. The velocity of the 
stream would be proportionally iEtugmented, and if the 
aame quantity to be discharged flow before and after 
the execution of the new channel, its sectional area 
may be made smaller; or if, on the contrary, it be 
made of the same area as the original channel, it would 
be able to discharge a greater volume. Any sudden 
bends may thus be avoided ; but it is to be observed, 
that there seems to exist some law, the cause of which 
has hitherto escaped our analysis, owing to which 
rivers are not able to flow in straight lines for any 
great distance, in other than beds of masonry, without 
requiring great and frequent repairs. At any rate, 
every stream when left to itself, so to speak, assumes 
a tortuous outline ; and, from the experience obtained 
in France and Italy, it appears, that after a deviation 
there is always a tendency to resume the original 
directions, especially during the seasons of floods. It 
may, therefore, be preferable that the centre line of a 
new channel be formed with a series of curvatures of 
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very large radius, rather than in a perfect straight 
line. Upon the Rhine it was found that the river 
exercised no corrosive action upon its banks when 
the radius of curvature was about ^2760 yards long, 
the bed of the river consisting of sand and gravel, 
and being frequently exposed to sudden and violent 
floods. 

118. The efficient action of new channels can only 
be attained by observing these conditions : — Firstly.-^ 
They must be deepened as much as possible ; the 
sectional area to be given' will of course be regulated 
by the volume to be discharged under all the varying 
conditions of the rain-fall. Secondly. — They must 
not present any sudden projections, or form any sharp 
curves with the main stream. Thirdly. — ^If the new 
channel cannot be dug out at once to the required 
depth, it must not be opened to receive the waters 
untU the down stream end of the old channel be closed, 
so as effectually to force all the running water into the 
new channel. Fourthly. — All obstacles, such as trunks 
of trees, large blocks of stone, &c., must be removed, 
so as to leave the watercourse perfectly clear. 

119. When an entirely new outfall is to be formed, 
the dimensions to be given to it must depend upon the 
proportion of the rain-fall it may be required to carry 
off. This will vary, not only according to the configu- 
ration of the country, but also according to the greater 
or less degree of permeability of the materials used in 
its construction, and of the surface of the country 
itself. In precipitous mountaia districts the rain flows 
off with comparative rapidity, merely from the inclina- 
tion of the ground. Should, however, our observations 
be directed to particular mountain districts, it will be 
found that the discharge from granitic rocks differs 
very materially &om that from the lias, the oolites, or 
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the clay formations. From the granites, the rain runs 
off nearly as fast as it falls, for the materials are non- 
absorbent, and the subordinate outlines do not present 
any depressions likely to retain the water. The lias is 
also, comparatively speaking, impermeable, as are also 
the clays ; whilst the oolites, limestones, and gravels 
absorb water during the period of its faUing, to give it 
out again when perhaps the supply may have ceased. 
In fact, the character of the discharge from the granites, 
the lias, and the clays, may be regarded as being of a 
torrential description, whilst that from the limestones 
is far more equable. In the former districts, it appears 
that about two-thirds of the rain flows off almost imme- 
diately in the natural watercourses, whilst in the latter, 
and in the gravel, the maximum quantity so flowing 
would only be one-third. Again, the proportion of the 
rain-fall which may require to be carried off will differ, 
according to the greater or less continuance of the rainy 
season. Thus, in winter it happens that the ground 
frequently becomes saturated with water at an early 
period, and it is advisable in such a case that any flood 
should be carried off as rapidly as it rises. The maxi- 
mum quantity of rain which may fall within a given 
time becomes then a condition regulating the dimen- 
sion of the outfall, of nearly as much importance as 
the average fall of the whole year. 

130. An outfall having been secured, either by 
adopting or improving the natural facilities of the 
country, or by forming a new watercourse, if the source 
of the water deteriorating the quality of any land be 
not such as to be removed by surface drainage, an 
investigation of the surrounding district must be 
made, to ascertdn the superposition of the strata, 
their nature, thickness, and respective inclinations ; 
or, should any local circumstances prevent this 
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examination from being carried out on a sufficiently 
extended scale, small ditches or trial shafts shonld be 
sunk at the upper and lower sides of the district to 
be drained. The points of outburst of any springs 
must be noticed, and, if possible, their sources of 
supply be discovered. When these points are settled, 
the direction to be given to the drains must be con- 
sidered; and, if possible^ it would be advisable to 
make them follow the line of the longest fall of the 
ground. The depth, and the distance apart of the 
drains, must depend to a certain extent upon the 
description of crops to be raised, but more particularly 
upon the nature of the subsoil. For, in the first 
place, it is necessary to place the drains at such a 
depth as to obviate any danger of their materials 
being deranged by agricultural operations. In ordi- 
nary modes of cultivation, the minimum depth to 
which the ground is worked may be taken at 8 inches ; 
in many others, the ground is moved to a depth of 
18 inches ; and for these reasons it is usual to place 
the drains, even in what is called shallow drainage, at 
such a depth that there shall be a distance of about 
20 inches between their highest points and the surface 
of the ground. In the second place, if an impermeable 
subsoil be met with within a distance of 5 or 6 feet 
from the surface, such as to intercept the passage of the 
water in either direction, the drains ought, generally 
speaking, to be carried down to it ; or otherwise the 
portions between each of them would only be imper- 
fectly dried. The nature of the materials employed 
will also modify the depth of the drains ; for if they 
be bulky, as in the case of broken stone, they must 
require a greater width than when tiles or tubes are 
used. 

121. The width of the trenches will be regulated by 
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the depth of the drains, because the workmen require 
a greater space to work the deep than they do the 
shallow ones. At the surface the width is required to 
be greater than at the bottom ; and in practice it is 
found that, for a depth of about 3 feet, it is sufficient 
to give a width of about 1 foot at the surface and of 
6 inches at the bottom ; for a depth of about 4 feet, 
those dimensions become respectively 1 foot 4 inches 
and 8 inches ; whilst, for a depth of 8 feet, they become 
respectively 2 feet 6 inches and 1 foot 2 inches. The 
direction of the drains should be made as straight as 
possible, in order to avoid any interference with the 
discharge of the water ; and they must be commenced 
by opening the lower portions of the district first. It 
is inHispensable that a regular inclination be given, 
and that it should be sufficient to insure the flow of 
the water. A fall of about 1 in 200 will be found 
sufficient for ordinary cases, especially if the drain 
tiles be well laid. 

122. There are several modes of filling in drains, 
employed by agricultural engineers, the principal of 
which are represented in the subjoined sketches. 
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Fig. 11 represents a simple and economical system 
followed in countries where tubes or stones are ex- 
pensive. It consists in forming shoulders upon the 
sides of the trenches, and laying upon them a thick 
sod with the grass downwards, the remainder of the 
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trench being filled in with the materials thrown out 
from it, taking care to reject the denser and more 
impermeable earths. This description of drain is 
economically formed, but it does not last for any 
length of time, at least with suflBcient efficacy. Fig. 12 
represents an economical form of drain for countries 
in which large quantities of water are to be removed, 
and where stone is cheap. The channel is formed by 
placing thin slabs leaning against one another on 
edge, and covering them with broken stones or gravel; 
the whole is then covered by sods and the lighter 
earths of the excavations, as before. If the waters 
draining through such channels do not contain any 
notable proportion of soluble salts, which they might 
gradually deposit around the brokeii stones, they will 
continue to flow for an indefinite period. Fig. 13 
represents the tile-and-shoe drains, which were much 
employed in England formerly, each tile being about 
14 inches long by 3 or 4 inches wide, and 4 or 5 inches 
high, and the shoes being of the same length, but a 
little wider than the tiles. Of late years, however, it 
has been the opinion of agriculturists, that perfectly 
cylindrical tubes are the most advantageous, not only 
on account of the greater facility of their manufacture, 
but also of the greater economy in their fixing. These 
cylindrical tubes are made of the same length as the 
earlier descriptions of tiles, and of diameters varying 
trom 1 to 3 or 4 inches. 

123. When the soil is peaty, or of a running sand, 
or when the nature of the materials through which the 
excavation is carried is such as to render it difficult to 
form and maintain the bottom of the trench in a 
perfectiy straight line, the abutting joints of the tubes 
will require to be protected by coUars, which may be 
perforated with numerous small holes. Under ordi- 
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nary circumstances, it will suffice either to use pipes with 

an end terminating thus v-^ "" , or those having 

merely a straight end. In the last two cases, the trench 
should only he thrown out to the precise width neces- 
sary to receive the pipes ; and in both it is absolutely 
necessary that the straightness and the uniformity of 
inclination of the bottom of the trench be rigorously 
observed. 

124. Drains should not be made too long, because, 
if the fall be great there would be danger from the 
bursting of the pipes by the head of water ; and the 
chances of choking are considerably increased, as 
well as the difficulty and expense of repairs. It is 
advisable to make the subdrains pour their water into 
a species of main drain of larger diameter, which 
subsequently should pour the collected stream into the 
general outfall. Mr. Parkes recommends that the 
submains should never much exceed 300 yards in 
length, and he usually makes the diameter of the 
lower half about '^ greater than that of the upper, in 
order to insure the perfect discharge of the water. 
Under ordinary circumstances, however, it is prefer- 
able that the smaller drains should discharge into an 
open ditch, because the water would thence flow away 
more easUyt and at the same time the repairs are 
performed with greater facility. 

125. The length of the main drains may be greater, 
on account of their greater dimensions, but the con- 
dition above stated, of giving them an enlarged 
diameter at their lower extremity, must be observed. 
They are formed in the same manner as the sub- 
drains, but, of course, in the lowest parts of the land ; 
and it is advisable to place them at a slight distance 
below the subdrains, in order that these may discharge 

p 
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more freely. Their inclination must be greater, because 
the volume of water they have to transmit is also greater 
than that of the subdrains; and it is important to 
carry them at some distance from the hedges, or large 
trees, lest the roots of the latter should force their 
way into the pipes and choke them ; because roots are 
known to have a remarkable avidity for water, and are 
likely to force their way into the joints of the pipes. 
Lastly, it is important that the junction of the sub- 
drains with the mains should not take place at right 
angles, but in an oblique direction, so as to avoid any 
interference with the velocities of the respective cur- 
rents which might be likely to cause the deposition of 
any sand or mud in suspension in either of them. 
For the same reason, it is advisable, that two drains 
coming from different parts of the land should not be 
made to converge at the same point. 

126. The distance apart of the drains will depend, 
in fact, upon their depth, and the degree of permea- 
bility of the soil ; and this becomes one of the most 
important questions to be decided before commencing 
such works, for the greater the distance, evidently, the 
less will be the number, and the cost of the operation. 
Mr. Smith, of Deanstone, advocated the system of 
numerous drains at comparatively shallow depths; 
whilst Mr. Parkes and the majority of agricultural 
engineers now recommend that they be made deeper 
and at greater distances. The former made his drains 
from 6 to 8 yards apart, and about 3 feet deep ; whilst 
the latter make the distance from 13 to 20 yards, and 
the depth from 4 feet 6 inches to 8 feet. In fact, both 
parties may be in error in striving to enforce their 
respective systems too rigorously, and^a course of 
proceeding which may be eminently successful in one 
case may b6 very inadvisable in^^asiother. Thus, if ft 
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stratum of permeable materials exist, whose depth 
may be 6 feet, it is possible that a drain placed 5 feet 
below the surface may withdraw the waters from a 
distance of about 10 or 15 yards on either side. In 
stich a case, there would be a decided advantage in 
placing the drains at the greatest depths and distances, 
according to Mr. Parke's plan. But if the soil itself 
be light, and at a depth of &om 2 to 3 feet from the 
surface an impervious subsoil be found, it would be 
evidently absurd to carry the drains below the subsoil, 
because this would entirely destroy any lateral action 
of the drains beyond a distance of about 6 or 8 yards. 
In such cases, the system recommended by Mr. Smith 
is the more advisable ; and, indeed, it happens in this 
particular branch of engineering, as in all others, that 
every individual case requires to be judged of by, and 
decided upon, its own merits. 

127. In Ireland the usual system latterly adopted 
ap]^ears to be so admirably suited to the class of mate- 
rials most commonly met with, that an account of it is 
here given. Minor drains are formed at distances 
apart varying from 21 to 40 feet; the depth is made 3 
feet from the lowest point of the surface ; the width, 
from 15 to 18 inches at the top, and 4 inches at the 
bottom. These minor drains are parallel to one 
another, and only run from 150 to 200 yards without 
falling into either a ditch or a submain. In these 
drains a depth of 12 inches of broken stones, 2^ inches 
in" diameter, is placed, care being taken that they be 
quite clean ; a sod 3 inches thick is placed over them, 
and the earth is filled in. Sometimes pipes 2^ inches 
in diameter are inserted. The submains are cut 42 
inches deep, by 20 inches wide at the top and 12 inches 
wide at the bottom; they are carried along the low 
mde of the field, about 10 feet from the fences, and 

F 2 
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are not allowed to run more than 300 yards without 
discharging into a covered or main drain. An open 
channel, 6 inches square, is formed, and above this the 
trench is covered and filled in, as before, with a thick- 
ness of about 8 inches of broken stones, carefully 
cleaned. The open main drains are sunk to a depth 
of at least 5 feet ; they are made 2 feet wide at the 
bottom, and the sides are thrown out to ah inclination 
of 1 to 1, if the materials be such as to stand at that 
inclination, excepting in rocky countries, where the 
sides may be left at about J to 1* A minimum inclina- 
tion of at least 4 feet per mile is required for these main 
drains. The dimensions of the covered main drains 
must necessarily depend upon the quantity of water 
they are intended to carry off; but, generally speaking, 
it is found to be sufiScient to make them 1 foot square 
in the clear, with walls 6 inches thick, covered by flag- 
stones 3 inches thick, and filled in as before. 

128. It appears that there is an advantage in execu- 
ting the drainage of an agricultural district in dry 
weather, and in leaving the trenches open for a short 
time, in order that the ground may become warmer, 
and' to a certain extent aerated, by being exposed to 
the atmosphere. 

129. The measures to be adopted for the drainage 
of marsh lands must necessarily depend upon the 
causes which have superinduced this state. These 
causes are the following, at least in the majority of 
cases : — Istly, the superabundant humidity of the land 
may be owing to the fact that the subten*anean waters 
are retained by beds of impermeable materials, and, 
after saturating the lower strata, they are forced to 
make to themselves a vent upon the siirface ; 2ndly, it 
may be owing to the fact that the land is situated below 
the level of the surrounding country, and therefore 
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receives the drainage from it ; 3rdly, it may be owing 
to the existence of a river occupying a higher level 
than that of the marsh land itself. 

130. The operations connected with drainage of 
large marshes, fens, or bogs, require so serious an out- 
lay that they can only be undertaken by large com- 
panies, or by the State ; but it frequently happens that 
small districts may be found in which a bed of clay 
occupies a position similar to that represented in the 
accompanying sketch, filling a depression upon the top 
of some permeable material, which last, in its turn, 
reposes upon a lower stratum of impermeable materials. 
In such cases the clay, will prevent the water which 




soaks through the upper and exposed portions of the 
permeable stratum from flowing away at the lower 
point. The water will then accumulate until it rises 
to the level of the surface of the clay, represented by 
the line a b, where it will overflow and form what are 
commonly called springs, which, unless provided with 
an outfall, will maintain the surface in a state of ex- 
cessive humidity. 

131. If, again, in the above sketch we suppose the 
basin-shaped depression shaded with interrupted lines 
to represent a bed of clay, resting upon gravel, and to 
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be filled in with ordinary soil, from the known imper- 
meability of the clay it will retain all the water soaking 
through the soil to it, and in fact render the soil a 
complete morass, especially if the soil in question be 
surrounded by any eminences shedding their waters 
upon it. 

132. In the illustration first supposed, the waters 
may be removed, either by bringing them to the sur- 
face at a point where a new and more efiective outfall 
can be found, or by letting them escape to a lower 
level. In the first case, surface drains are to be cut of 
a sufficient capacity to hold the waters likely to rise, 
and transverse outfall drains made to receive them. 
Borings should then be made in the surface drains, 
descending to the top of the upholding stratum, and 
the hydrostatic pressure of the supply, in such portions 
as are placed at a higher level, will cause the water to 
flow into the surface drains until its level throughout 
the whole district will be found to be that of the drains. 
The outfall must be made as usual 

133. In the second illustration a boring, or borings, 
as may be required, are to be made through the imper- 
meable stratum to the pervious one upon which it 
reposes ; or, in fact, a series of absorbing wells are to 
be formed, and the various surface drains made to con- 
verge to it. In the Treatise upon Well-boring and 
Sinking much information will be found connected 
with the principles of the action of such wells and their 
mode of construction. In these instances they will 
serv^ to carry the waters from the various surface 
drains into the lower strata, which almost invariably 
will be found to possess some natural outlet, at a 
greater or less distance, in the shape of a spring. 

134. When the succession of strata outcropping 
upon a hill side is more complicated than in the cases 
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^bove supposed, and is such as to produce an alterna- 
tion of dry ground and marsh, the class of works to be 
executed may require to be somewhat different in 
detail, but in principle they will be found to be similar 
to those described. The object to be effected is, in all 
cases, to form a new outlet for the water ; and what- 
ever course be adopted, it must be based upon the 
ordinary principle of hydrodynamics applied to the 
particular configuration of the locality, which, again, 
can only be ascertained by a careful examination of 
the geology of the district. This examination may 
very frequentiy require to be extended over a con- 
siderable area, because the sources of supply of any 
springs may be found to exist at great distances, and 
until all the conditions affecting them are ascertained 
it is impossible to adopt any other than empirical 
meihods of obviating their effects. Notwithstanding, 
then, the progress of science in our times, Mr. Elkiug- 
ton's rules may still be quoted as being the simplest 
and most effective for the execution of the drainage d 
marsh lands formed by the outburst of land springs. 
They are as follows : — 

1st. To find out the main spring or cause of the 
mischief. 

2nd. To take the level of the spring, and ascertain 
its subterraneous bearings. 

3rd. To use the auger to tap the spring, when the 
depth of the drain is not sufficient for that puipose. 

135. It must be evident, that if^ any district be 
situated so as to receive the waters ffowing off from 
surrounding eminences, it will eventually be converted 
into a morass unless an outiet be provided. Should 
the district be small, this object may be effected, as 
before, by the formation of absorbing wells placed at 
the lowest points ; but when its dimensions are con- 
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siderable, the first operation to be performed will con- 
sist in forming a ditch all round the marsh, so as to 
intercept the waters flowing from the upper lands, and 
at such an elevation, and with such a fall, as to insure 
the discharge of any waters which may be poured into 
it either from above, or from below. The banks, sides, 
and bottom of this ditch must be formed of imper- 
meable materials. The ground contained within these 
banks must then be drained in the ordinary" manner, 
and the drains made to converge to a point from which 
their waters may be withdrawn, either by means of an 
absorbing well, or by some mechanical contrivance, 
such as water-wheels, steam-engines, or windmills, 
setting in motion pimips, norias, or Archimedean 
screws. 

136. If the marsh be owing to the existence of a 
river at a higher level, it must be treated in a similar 
manner to that just described, if the river itself cannot 
be diverted; or the river must be confined within 
impermeable banks, and the waters draining from the 
low lands poured into it by some of the above-men- 
tioned engines. It may, however, happen that the 
stream traversing the marsh may be subject to great 
and sudden floods ; and in such cases it is necessary 
to form a double row of banks, of which the outer . 
ones must be placed at a distance, and superior eleva- 
tion, sufiicient to carry off the increased volume of 
water flowing through them at such periods. The first 
banks, then serve to contain the river in its normal 
state, the second will serve to contain it during floods ; 
the intermediate bank, or zone, may be devoted to the 
cultivation of aquatic plants, such as osiers, willows, 
&c. ; or it may be drained by a separate system from 
that of the marsh entirely protected. 

137. Of the machines used to raise water in any 
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of the supposed cases there are many varieties. Those 
hitherto applied may be stated to be — 1, pumps; 2, 
Archimedean screws; 3, machines with buckets; 4, 
water-wheels with buckets, or what are called flash- 
wheels ; 5, the water-pressure engines, hydraulic rams, 
rope pumps, &c. 

138. Of these, the pump is the most effective when 
large bodies of water are to be raised from great 
depths, but it is exposed to the objection that the 
maintenance of the packing of the piston and of the 
pump-barrel must be very expensive when the water 
to be raised is so much charged with earthy matter as 
must always be the case with that flowing from drains. 
If, therefore, the height to be overcome do not exceed 
15 feet, it is usual to adopt other machines. Thus, 
in Holland the Archimedean screw is mostly used, 
when the height varies from 7 to 12 feet, and in the 
majority of cases motion is communicated by wind- 
mills ; when the height varies from 3 feet 6 inches to 7 
feet, however, flash-wheels are employed. In our own 
fen districts the scoop has been applied by Mr. W. 
Fairbairn, with remarkable talent and success, in cases 
where the height to which the water had to be raised 
varied from 12 to 15 feet. In the East the noria (a 
machine consisting of an endless chain bearing a series 
of buckets, dipping into the water at the lowest point 
of its course, and pouring it out as it passes the upper 
point) has been used from time immemorial. The 
fifth class of machines enumerated above are so seldom 
used for drainage purposes that it is not worth while 
to dwell upon them at present. Indeed, local circum- 
stances must modify so considerably the reasons for 
the choice of any one or other of these mechanical 
means of removing water, that it is dangerous to 
attempt to lay down any general law upon the subject* 

F 3 
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The price of coals, the motive power of a neighbouring 
stream, the more or less favourable position of the 
locality so far as the action of the wind is concerned, 
the price of labour, and an infinite number of other 
details, may differ so greatly in any two given cases as 
to render very different modes of action necessary, or 
at least advisable, in the one, from the modes which 
would be advisable in the other. 

139. Perhaps the most gigantic operation under* 
taken for the purpose of draining lands receiving the 
waters from other districts is the one lately executed 
for the drainage of the Harlaem Meer ; and although 
it is rarely that engineers are required to operate upon 
so large a scale, a description of the method adopted 
is subjoined, because in principle it is identical with 
that which would be required even in smaller operations 
of the same description. 

140. The Harlaem Meer, or lake, owed its origin to 
th^ excess of the rain-fall over the evaporation from 
the district around it, so that the waters, accumulating 
in the depression forming the lake, spread annually to 
such an extent as to absorb of late years about 
150 acres per annum of its former banks. In i3ie 
beginning of the sixteenth century the area was con- 
sidered to have been about 9140 acres ; in 1839, when 
it was decided to attempt the drainage of the lake, it 
had increased to nearly 45,000 acres, with a mean 
estimated depth of about 13 feet. The works have 
been executed by the Dutch government, who have 
been partially repaid by the proceeds of the sale of 
the land. 

141. The first operation consisted in the formation 
of a channel for the purpose of isolating the waters of 
the lake from those of the surrounding country, and at 
the same time of serving as an outfall for the waters 



D£AINA«E. 107 

to be raised. TMs channel is about 19 miles long, 
with a width varying between 126 and 138 feet, and 
with a depth of 10 feet, and gave rise to great diffi- 
culties owing to the want of materials fitted for its 
construction. Even now it cannot be said to be 
impermeable^ and the filtrations through it must ev^* 
remain a cause of expense and. probable danger. 
Three large steam-engines, of about 400 -horse power 
each (nominal), raise the waters from the lake into the 
canal, and are stated to be able to discharge about 
238f cubic feet per second. They are single-actioned 
engines, working expansively, upon the Cornish prin- 
ciple, and give motion to a series of pumps working 
at a single lift. Two smaller machines, of about 
200-horse power each, are used occasionally to dis- 
charge the water from the intercepting channel, when, 
owing to any extraordinary tides or high winds, the 
natural flow from the latter is interrupted. These 
machines give motion to a series of flash-wheels, 
which raise the water about 3 feet 7 inches. The 
pumping was commenced, upon a large scale, in 
the month of March, 1849, and at the present day 
the whole of the surface of the lake has been 
brought into cultivation. The cost of these works 
was estimated to be, when complete, between 600,000<. 
and 68O,O0OL, or, at the higher estimate, about 15Z. 5s. 

per acre. 

143. In Ireland, some large bogs have been drained 
upon the system adopted in reclaiming the bog of 
Allen, by withdrawing the water from below, and in 
this case it was attended with considerable success. 
The surface was firstly divided into fields of an oblong 
figure, and of about 5 or 6 acres area, by open drains. 
Auger holes were driven at distances of about 33 feet 
down to tlie rock, and at a level of at least 1 foot above 
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the surface of the water in the drain. Curved pipe 
tUes, 1 J inch diameter, were inserted into the holes, 
so as to throw the water into the centre of the drain. 
These drains were made about 6 feet deep. On the 
Chat Moss drainage, no effort was made to withdraw 
the deeper-seated waters, but all the measures adopted 
were designed merely with reference to those flowing 
upon the surface. Square inclosures were formed, 
100 yards long by 50 wide, by means of large open 
drains, 3 feet 9 inched deep at the minimum, 3 feet 
wide at the top, and 1 foot 8 inches at the bottom. 
Covered cross drains were formed, communicating 
with the open ones, and with a width of between 
12 and 14 inches as far as the shoulder, placed about 
2 feet 2 inches from the surface ; below which point 
they were carried to a further depth of about 16 inches, 
with a width of 8 inches: these cross drains were 
placed at distances of about 6 yards from center to 
center. No tiles or pipes were used, the bottom of the 
drain filling being formed by the surface spit raised 
from the moss. 

143. It frequently happens that large tracts of allu- 
vial deposits are found at the mouths of rivers, which 
are alternately covered or left bare by the tides, and 
which, generally speaking, continue to increase until 
they attain such a height as only to be affected by the 
spring tides. These banks then become covered with 
a species of marine vegetation, and are put up into 
innumerable small creeks, which, at the low-water, 
serve as channels for the inshore streams. Many 
banks of this description have been reclaimed from 
the tidal action, both in our own country and in 
Belgium and Holland, with such signal advantage, in 
many cases, as to cause regret that others should still 
remain unx)roductive. 
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144. The works usually requked to reclaim these 
foreshores consist, firstly, of an embankment forming 
an inclosure to protect them from the sea, which must 
be able not only to resist the hydrostatic efforts of the 
external waters, but also the more destructive action 
of the waves and the currents ; secondly, of the sys- 
tem of drainage of the inclosed lands, including under 
this head occasionally the arrangements for introducing 
waters charged with fertilising matters, an operation 
performed in some districts, and known locally by the 
name of "warping," to be noticed hereafter (§ 181). 

145. The inclosure banks are made, generally speak- 
ing, from 2 to 4 feet above the high-water line of the 
equinoctial spring tides, with a minimum width of 
from 3 feet 6 inches to 7 feet at the crown. The out- 
line of the bank in plan must depend upon many local 
circumstances; but, theoretically, it will be found to 
offer the greatest resistance to the normal action of 
the waves if it be convex seawards, whilst the stability 
x>f the materials, if it be executed in stone rubble, will 
be the greatest if the outline be concave. Whatever 
i)e the form given in plan, it must always be borne in 
mind that no sharp internal angles should be allowed, 
and that every projection must be joined into the body 
of the work by gentle curves of the largest possible 
radius. 

146. The best form of the sea slope is a subject 
still much in discussion amongst engineers. On the 
shores of Holland and Belgium the practice has been 
for many years to make it rectilinear, and inclined at a 
small angle to the horizon. Although these slopes 
have succeeded in some positions, there are others in 
which the results obtained have been precisely of an 
opposite character, and in which it would appear that 
a vertical wall would have been preferable. Again, 
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many distinguished engineers are of opinion that tlie 
best form to be given is one similar to the outline 
the materials themselves would assume if left to 
ariBuge themselves by natural causes; whilst latterly 
Colonel Emy has advocated, with considerable 
ability, the theory that a concave transverse section 
was the most fitted to resist the action of the ground 
waves, 

147. Long foreslopes possess the advantage of allow- 
ing the employment of any description of sand, or other 
similar materials ; they offer the least resistance to the 
action of the sea, and are precisely the less exposed to 
injury in proportion as their inclinatioi} is greater. It 
has been observed that the destructive action of the 
sea exercises its greatest effect about the level of the 
lowest high tides of the neaps. But if these long 
slopes possess some advantages, they are accompanied 
by corresponding disadvantages ; for they conduct the 
waves to much higher points than they would other- 
wise reach, and it is not always that either the mate^ 
rials at hand or the space disposable are such as to 
allow of their economical execution, to which con- 
sideration, after all, the decision as to works of this 
description must be referred. 

148. Vertical inclosure walls occupy the least space, 
and expose the smallest surface to the action of the 
waves ; and these again, instead of breaking upon the 
shore, are reflected towards the open sea. But walls 
of this description must encounter the maximum 
effort of the waves, wherever these do strike, and their 
reooil must act very injuriously upon the footings, 
unless they be of a very resisting description. The 
concave walls recommended by Colonel Emy have not 
yet been tried in a sufficient number of cases to justify' 
BXkj definite conclusions as to their merits ; but they 
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are in manf cases objectionable on the score of the 
ground they require, and the great expense, not only 
of the first cost, but of the repairs. 

149. The reasons which should influence the choice 
of the form to be given to the sea slope of an embank- 
ment may be resumed as follows: — 1. It will be 
influenced by the main direction of the winds, waves,^ 
tides, and currents, which should be made to strike 
the bank as nearly as possible in a direction normal to 
the surface of the facing. 2. By the materials to be 
procured in the neighbourhood. 8. By the surface of 
laud which can be deyoted to the foimation of a bank. 
4. And principally, by the commercial considerations 
affecting the original execution, the maintenance, and 
the value of the whole operation. 

160. The inner slope of the banks will depend upon 
the materials of which it is composed; and at its foot 
a catch-water drain must be formed to collect the 




Fig. 15. —Enclosure of Zuid Plas. 

waters falling upon the inclosed land, and to conduct 
them to the outfall. The Dutch engineers usually 
make the slope about 6 to 1, and tiiey form a roadway 
about 20 feet wide between its foot and the edge of the 
catch-water drain. When the bank is formed of mud 
or silt, it is necessary to carry up in its center a core 
of sand or other hard substance, to prevent rate or 
modes from boring through it; and means must be 
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taJcen to cover the exposed surfaces with vegetation of 
a character to bind together the materials of which the 
bank is made. 

151. The land waters collected in the outfall drain 
are let off by means of sluices, whose apertures will be 
regulated by the quantity to be discharged, and the 
duration of the period in which the flow can take 
place, as well as by the head of water which may exist 
at the commencement of the discharge. Upon the 
sea coast the intervals between the tides recur with 
great regularity; but in the upper portions of river- 
courses tiie casual floods are likely to prevent the dis- 
charge during periods of variable duration, so that in 
many such positions it is very probable that the 
reclaimed lands may be partially, or entirely, flooded 
on all such occasions : the cultivation to be adopted 
must be regulated with a view to these contingencies. 

152. The simplest mode of closing the outfall drain 
is by a sluice upon hinges, fixed at the outer end of a 
culvert, in wood, masonry, or iron, passing through the 
body of the bank. The floor of this aqueduct is 
placed at the level 'of the bottom of tlie catchwater 
drain, and it has an inclination outwards. So long as 
the head of water upon the outside of the sluice is 
greater than that upon the inside, it will remain 
closed ; directly the waters upon the outside have 
fallen so as to form a sufficient head upon the inside 
to overcome the friction of the hinge, the sluice will 
open and give passage to the waters. It is, however, 
advisable that a sliding gate working in a valve be 
placed behind the hinged sluice, to guard against the 
possibility of accidental derangements of the latter. 

153. Another description of gate frequently used in 
these works is the gate working upon a vertical axis 
and shutting against a rebate, in which the areas of 
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the two portions of the gate are made unequal. When 
the waters on the outside are higher than those on the 
inside, the gates are pressed against the rebate ; when 
the opposite conditions . occur, the gates open and 
afford a passage to the laud waters. Sometimes, in 
large gates of this description, where two leaves are 
employed, they are made to meet at an obtuse angle, 
like the leaves of a lock gate. 
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154. The application of water for the purpose of 
assisting the growth of plants, appears to have formed 
an integral part of agricultural engineering even long 
before drainage was considered to form another part of 
that science. In the burning plains of Assyria, Meso- 
potamia, and of Asia Minor, in India and in China, and 
more extensively still in Egjrpt, works for the distri- 
bution of the great streams flowing from the mountain 
ridges of the great hydrographical divisions of those 
parts of the world have indeed existed from the 
earhest periods of history. It would appear, also, 
that the modem systems, as we proudly call them, of 
storeage reservoirs, both for the flood waters of rivers 
and for the superabimdant rain-fall, were known to the 
engineers of the kings of Assjrria, Egypt, and India f 
for the artificial lakes of Nitocris and Mceris, and the 
huge reservoirs or tanks of Bintenny, Candelay, and 
Mainery, which are alluded to by the earliest travellers, 
might still serve as lessons, or models, to our own 
engmeers. A very interesting account of the irrigation 
of the nations of antiquity may be found in Jaubert 
de Passa*s "Becherches sur les Arrosages chez les 
Peuples anciens," and the reader who may desire to 
pursue the investigation of this part of the subject 
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would do well to consult that learned work. For our 
present purposes, it may suffice to say that the prin- 
ciples and practice of irrigation so applied in the most 
ancient centres of civilisation were soon lost under the 
rule of the Macedonian and of the Boman conquerors 
of the ancient world. There are occasional references 
in the Latin books " De Re rustica," to water meadows ; 
''and the well-known passage in Virgil, " Glaudite jam 
rivos, sat prata biberunt," evidently was inspired by 
the habitual practice of irrigation in the neighbourhood 
of the poet's birthplace, Mantua, which is still in the 
centre of the most perfectly developed system of that 
description of agriculttire. But the works executed 
by the last masters of the ancient world for the appli- 
cation of water to agriculture were far inferior in their 
importance, and their scientific character, to those of 
the nations they had conquered ; the irrigation chan- 
nels and reservoirs of the latter were, indeed, in too 
many cases, allowed to fall to ruin, so that even before 
the northern barbaric tribes, or the Saracens, had 
finally destroyed the empire of the Caesars, the wilder- 
ness had again invaded large districts which had been 
fertilised by the industry of the native princes. It is 
singular that we should thus be able to trace the loss 
of a science to one of the most highly civilised nations 
of antiquity, and perhaps more singular still that we 
should discover its revival amongst those whom it has 
been the fashion to call barbarians. But so it actually 
has been with irrigation ; and the first records that we 
can discover of the systematic revival of its use are to 
be discovered in the history of the Gothic tribes of 
Italy, and amongst the Saracenic invaders of Syria and 
Spain. One of the most ancient irrigation canals of 
the Pyrenees bears indeed the name of Alaric ; and 
even at the present day that system of agriculture is 
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only adopted, as an original national system, in the 
countries which were settled by the Goths or the 
Moors on the continent of Europe, or by the West 
Saxons amongst ourselves. 

156. Witljout dwelling upon the progressire deve- 
lopment of the science of irrigation, it may suffice for 
the purposes of this work to mention that in France^ 
Spain, Italy, Belgium, Switzerland, Egypt, Syria, and 
India, many very important works have been executed 
at various periods for the purpose of distributing water 
over the land. Jn some parts of England, especially 
in the south-western counties, irrigation is much used, 
as it is in Northern Germany, parts of Sweden, and in 
America. The results obtained by the recent ope- 
rations of the East India Company, in the Bengal and 
Madras provinces especially, have been so extraordi- 
nary, that the opinions formerly held, with respect to 
the most favourable regions for the application oi 
irrigation, must be modified to a great extent ; but it 
was at one time generally believed that the temperate 
zones were the most fitted for the application of the 
system. The most important works of this description 
have, therefore, been executed between the parallels of 
latitude 25® and 57° north; and the principles here- 
after explained have been mainly derived from the 
examination of the results obtained in that district. 

156. The object for which the execution of the 
works required to effect an inigation is undertaken is, 
generally speaking, to increase the quantity of green 
food for the cattle required in a well-balanced system 
of agriculture ; and it is therefore to meadow^,, 
whether natural or artificial, that irrigation, in tem- 
perate regions at least, is most commonly applied. In 
the cultivation of garden produce great quantities of 
water are often, no doubt, used ; but the manner and 
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the conditions under which it is furnished are so 
essentially diflferent from those which prevail when the 
water is led between banks {in rigoy per rivum ago), 
that the term " irrigation " cannot be used in speaking 
of this class of operation. It is, indeed, almost 
exclusively to the cultivation of green crops that 
irrigation is applied; for the rice grounds of warm 
climates may be considered to form an exception to 
the ordinary rule, and the following remarks will 
principally have reference to that description of ope- 
rations. The term "natural meadows " will hereafter 
be used to express those meadows in which the vege- 
tation is principally composed of the Ordminea, such 
as the Phloeum pratensey LoUum perenne, Festuca 
sylvatica, Poa pratensis ; whilst the term "artificial 
meadows " will be used to express those in which the 
Leguminosce prevail, such as the Medicago sativa, 
Trifolium pratense, Vicia sativa, &c. 

167. The description of soil which derives the 
greatest benefit from irrigation may be described^ as a 
general rule, as being that which is the most permeable 
and the most easily warmed. Compact clay lands 
gain the least by being covered with water, because 
they do not easily allow tliat fluid to penetrate to the 
roots of the g]:asses, and they do not easily absorb or 
transmit the heat necessary to allow the water to 
produce its greatest effect ; moreover, as they are very 
retentive, the evaporation of the water they retain near 
the surface positively cools the ground to a serious 
extent. The nature of the subsoil may, however, 
modify very considerably the practical application of 
these remarks. 

158. All waters are not equally applicable to the 
purposes of irrigation, and great care must be exer- 
cised in their selection ; that is to say, in the regions 
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in which irrigation performs another function than 
that of merely suppljring the moisture necessary to 
enable plants to assimilate their food. This is an 
important observation in such eases; for, in India 
especially, the quality of the waters does not seem to 
have much influence upon the growth of the crops ; 
but in the more temperate regions, and especially upon 
the artificial meadows, the ^ chemical nature of the 
water becomes a matter of serious consideration. 
Thus, the streams which flow from forests or from 
peat mosses, or those which contain large quantities of 
the hydrous oxide of iron, are, if not positively 
injurious, at least but little adapted for irrigation 
purposes. Springs as they rise from the ground are 
often too cold for this use, though in Italy the sorgenti 
of the Lombard district constitute, in fact, the value of 
the marcite, or winter meadows. The waters derived 
from the granitic or the primary rocks, especially when 
the latter are characterised by the presence of large 
quantities of decomposable felspar, are always more 
advantageous than those derived from the secondary 
formations, on account of the potash the former 
usually contain. Many of the streams from the 
secondary formations develope the growth of the 
Carex and of the poorer description of the Gruminece ; 
whilst the waters flowing from other members of the 
series, such as the pure carbonates of hme, are highly 
favourable to the growth of the Legvmino8cB. It is, 
perhaps, dangerous to lay down any invariable rule in 
these matters, for as the condition to be fulfilled by 
any irrigation water is that it should correct the 
natural defects of the soil it flows over, the very 
qualities which may be desirable in one situation 
might be objectionable in others. The only safe 
general rules, then, with respect to the choice of a 
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source of supply for an irrigation are, tliat those 
waters are the best which have been the longest 
exposed to the air, and in the proportion in which 
they have traversed fertile lands able to communicate 
some of their chemical ingredients ; and it is also on 
account of the large quantities of fertilising matters 
that the waters which have flowed through large towns 
have thus acquired, that they become valuable as 
feeders to irrigated meadows. A very simple criterion, 
however, exists, by which the adaptation of any par- 
ticular stream to the purposes under consideration 
may be judged, viz., the one derivable from the nature 
of the vegetation which naturally takes place on its 
banks, and on its natural bed. If these should be 
covered with a luxurious, vigorous herbage, and if the 
waters should abound in fish and moUusca, they may 
be considered to be fitted for the proposed use. The 
brackish waters of the embouchures of rivers are 
often highly advantageous, and cattle are known to 
eat the grass grown in salt-water marshes with great 
avidity. 

159. The period of the year in which water should 
be poured over the land will vary, necessarily, with the 
latitude of the locality, and the description of crop it is 
proposed to raise. In very warm climates the principal 
function discharged by the water is to lower the tempe- 
rature of the ground and to correct the drought of the 
climate; and evidently, in such cases, it must be 
applied during the summer months. In other dis- 
tricts, however, irrigation is expressly resorted to for 
the purpose of protecting the vegetation from the 
effects of frost, and of obviating the effects of the 
sudden changes of temperature which take |dace i& 
the winter and in the early spring; whilst in o&et 
districts again it is an important object to retain the 
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alluvial matters brought down by the strefims from the 
upper parts of their basins. To obtain the former of 
these objects, it is necessary to irrigate in. winter ; to 
obtain the latter, to irrigate about the equinoxes^ 
ibecause it is about those periods of the year thaj^ 
jrivers are usually the most charged with alluYiall 
matters.] But there are many exceptions to these 
rules, dependent upon the melting of the snows on the 
mountain chains, or ux>on other conditions of physical 
geography ; and it is also to be observed, that the very 
fact of the waters of a river being charged with much 
sediment may at times become a source of serious 
inconvenience; for, if a vigorous vegetation should 
already have grown up, the impsdpable powder which 
would thus be deposited on the leaves of the plants 
would render them unfit for cattle. The time of day 
at which the water may be applied has also an 
influence upon its results, in warm weather especially. 
It has been observed that there is danger in applying 
it when the heat is the greatest ; and that it is prefer- 
able to let the waters flow over the ground in the 
morning, or more particularly in the evening. But 
when irrigation is used as a preservative from frost 
these remarks cease to be applicable, and the water 
must be poured over the ground continuously. 

160. If it be thus difficult to say what precise quality 
of water, and when it ought to be applied ; it is still more 
difficult to say, d priori, what quantity is required ; 
because the ever-varying conditions of the soil, and of 
the subsoil, as well as the hygrometric state of the 
atmosphere, must affect the solution of that problem to 
a serious extent. We thus find that in the Crau 
d' Aries the agriculturalists consider that it is necessary 
to pour over their lands, in dry summers, the enormous 
quantity of 168,000 cubic feet of water per acre, per 
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season of six months. In this district, the practice is 
to let the water flow over the land at distinct intervals, 
fifteen of which occur in the season; in the Haute 
Garonne the periods of irrigation are more numerous 
(they are twenty in number), but the quantity of water 
used is less, being 112,000 cubic feet per acre, per 
season. In Algeria, the French engineers calculate 
that a quantity equal to about 44,000 cubic feet would 
suffice under similar circumstances; in the eastern 
Pyrenees, the total quantity used per acre, in a season, 
is said by Jaubert de Passa not to exceed 37,000 
cubic feet ; whilst in our East Indian possessions the 
quantity usually furnished would, in the same period, 
amount nearly to 72,000 cubic feet per acre ; or about 
400 cubic feet per acre per day. Nadault de Buffon 
states as the result of his observations in the south of 
France, that the maximum quantity required during 
the irrigation season is about 1,200 cubic feet per 
day; but this calculation appears to be rather ex- 
aggerated. In our own country there would certainly 
be no occasion for using so large a quantity of water ; 
and it may be of interest here to observe that in the 
county of Gloucestershire, the practice is to allow a 
stream of two inches in depth to flow over the surface, 
and to dress the latter with a fall of half an inch to the 
foot from the feeder to the drain. 

161. The primary conditions for the establishment 
of a system of irrigation thus are, that a copious 
supply of water should exist at all times ; and it is a 
matter of equal importance that the land to be irri* 
gated should present such a configuration, as to allow 
the waters to flow over it with a regular current, and 
to insure a perfect discharge of the water after it shall 
have passed over the land ; for directly it stagnates in 
the lower parts of the ground, it will develope the 
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growth of noxious plants. It thence follows, that in a 
good system of irrigation, the levels of the land must 
be regulated so as to ensure the following conditions : 
1st, the waters must arrive by the culminating points ; 
2nd, they must be distributed in equable quantities, 
and with an equable velocity over the lower portions 
falling away from those points ; and 3rd, they must be 
collected into the outfall drains, immediately after they 
shall have passed over the land to be irrigated. In 
fact, the removal of the waters is nearly as essential as 
their original introduction. 

162. The water may be conducted to the higher 
points of the land by forming a bar, or dam, either 
wholly, or partially, across the line of the stream from 
which it is to be derived. Wherever it is possible, the 
adoption of the former course is preferable ; because it 
allows the water to be penned back, and thus to be 
poured over a greater surface, and from a higher point. 
Should this mode of raising the surface level of the 
water be, however, adopted, particular attention must 
be paid to the possible effects of the dam in flooding 
lands situated above it ; and it must be borne in mind, 
thftt the top water line of any intercepted stream is not 
a regularly inclined, though sensibly horizontal, line, 
but that it assumes the form of a hyperbolic curve 
(§ 50), which may be considered to join the natural 
declivity at a distance varying with the velocity of the 
stream. When the water is obtained from reservoirs, 
it is easy to regulate the precise level of the feeder, 
but the construction of these reservoirs requires man}' 
precautions and great practical skill. In Spain, and in 
India, they are often used on a very large scale, and 
the various reservoirs constructed in the north of 
England for mill purposes might, now that steam has 
beeii substituted for water power, be easily converted 
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for the purposes of irrigation. The discussion of the 
mode of forming reservoirs of this description is 
reserved for the division of this portion of the science 
of hydraulic engineering especially devoted to the 
subject of canals; but it may be advisable to state 
here, at the risk of some repetition, that the formation 
of the transverse dams is the most important detail of 
such works, and the terrible consequences of such 
accidents as the bursting of the Holmfirth dam, must 
suffice to prove the necessity for observing every 
possible precaution in their construction, and in pre- 
venting any infiltrations below their foundations. 
When these dams are constructed of earthwork, the 
crowns should be made of a width equal to half the 
clear height, and the base be at least equal to three 
times the same dimension. It is safer to make the 
principal slope on the inside ; that is to say, towards 
the water, and to dress it into steps ; and it would be 
preferable to make its outline in plan convex towards 
the water. The top should be at least two feet above 
the highest water line ; two sluices should be placed 
near the bottom, one for drawing oflf the water, the 
other to allow the reservoir to be cleared ; and over- 
sows, or waste weirs, should be formed, so as to 
prevent the water from ever rising to the top of the 
dam itself. If the streams flowing into such a reser- 
voir should be charged with very large quantities of 
matter in suspension during the rainy seasons, it may 
also be necessary to form depositing basins to receive 
the mud and sand they bring down. 

163. There are several systems for preparing the 
land to be irrigated, varying according to the natural 
configuration of the ground ; but in England there are 
two modes of effecting this object which prevail over 
all the rest. These are known by the names of the 
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b id'tvor k, and the catch-water irrigations. In the 
former, the j9JiiJs--ihiXLWja.into^ bedg., ox. ridges, in 
directions, which are kept as nearly as possible at 
r ight angles jo the main feeder, although that arrange- 
ment is by no means necessary. In cat ch-w ater irri- 
gation, however, ditches are made Al^rogs the declivity, 
at regular distances from one another^ sojtjg;. to catph 
the water flowing from the top of the field, and dis- 
tributelf, a^iii and again, over the land. The bed- 
work irrigation is more expensive in its first cost than 
the catch- water irrigation, but it is far more uniformly 
successful than the latter ; because evidently the land 
over which the water flows immediately upon leaving 
the feeder, must receive a larger portion of the ferti- 
lizing matters it may contain than those portions 
receiving the water, as it were second hand. Catch- 
water irrigation, in fact, should only be resorted to in 
those positions where the declivity is too great to allow 
of the troughs, or distributing gutters, being made to 
point down the natural slope of the ground. This 
system is, indeed, almost exclusively practised in the 
hilly districts of Gloucestershire, Somersetshire, and 
Devonshire; although occasional illustrations of it 
are to be found in the northern provinces of Spain, or 
in the Savoy and Switzerland. 

In bed-work irrigation the beds and ridges are so 
disposed, that a ridge may be formed having a slight 
longitudinal fall from the feeder, and having the ground 
on either side disposed with a slope towards the drains 
leading oflf the waste waters. The channels, or floatrog 
troughs, upon the ridges communicate with the main 
feeders, or conductors ; their inclination is usually made 
about 1 in 500, and their length is usually limited to 70 
yards; for it is considered that irrigation waters should 
not flow over the ground for a greater distance than the 

Gc2 



124 IRRIGATION. 

one just mentioned, without being again restored to 
the parent stream. The usual dimensions of these 
channels is about 20 inches in width at the junction, 
and 12 inches in width at the end. The inclined 
planes on either side of the channels have a transverse 
inclination, varying with the nature of the soil, and the 
supply of water : thus in light and absorbent soils they 
require to be but slightly inclined, in order that the 
water may remain long on them, and not scour the 
land; whilst in compact heavy lands the rate of 
inclination may be increased. Generally speaking, 
the limits of variation, in the inclination of the sides, 
range between 1 in 1000 and 1 in 100, according to 
the nature of the ground ; and the same considerations 
regulate the width of the planes. The more compact, 
indeed, is the nature of the soil, the wider may 
conveniently be the planes, because the water can 
flow upon them over greater surfaces without being 
absorbed ; whilst in open porous soils the widths must 
necessaril}'^ be diminished. Upon stiff clay lands, a 
width of 130 feet may occasionally be given to the 
planes ; whilst, upon porous sandy soils, 40 feet is the 
usual width. When the beds fall in one direction 
longitudinally, the crowns or ridges, a a, should be 
in the middle; when they fall laterally and longi- 
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tudinally the crowns should bej made towards the 
upper side; and, in either case, they should project 
slightly above the upper edges of the planes. The 
dimensions and inclinations of the outfall drains, b b, 
at the feet of the planes must be made sufficiently 
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great to insui'e the speedy and efiEectual removal of 
the water. 

164. The channels, or subsidiary feeders, receive 
their water from a conductor, or main feeder, which 
runs at right angles to them, in those cases at least 
wherein the supply is derived from a river which might 
be likely, at periods of flood, to exercise dangerous 
eflfects upon the ground, or wherein it may be con- 
sidered advisable to maintain the waters under control ; 
if, however, the stream itself should be but of insigni* 
ficant volume, there can be no reason why the feeders 
should not be at once connected with it. The main 
conductor takes its origin above the weir before supposed 
to be placed across the stream, and should be so 
directed as to convey the water to all parts of the land 
to be irrigated ; and its banks should be made a little 
higher than the surrounding land, so as to insure the 
flow of water to the latter, without its spreading 
laterally over the sides. Of course, the inclination and 
the sectional area of the conductor must be regulated 
mainly by the number and position of the subsidiary 
channels ; but it is also necessary to take into account 
the quantity of water winch may be absorbed by the 
earth, or lost by evaporation, during the passage of the 
water through the conductor. This last mentioned 
cause of loss may be diminished by confining the 
width of the canal within the narrowest possible 
limits. Another practical remark is also to be made, 
viz. : that if the river should carry down much alluvial 
matter, it is advisable to give the conductor a tolerably 
sharp fall, in order thftt the alluvions may not be 
deposited therein; an inclination of 1 or 1^ in 10,000 
will be found sufficient for this purpose in the majority 
of cases. An additional reason for making the con- 
ductor as narrow as possible is to be found in this 
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consideration, that by so doing the smallest quantity 
of land is occupied. 

165. The formulae by means of which the dimensions 
of the main conductor maj'' be ascertained, are those 
already given (§ 44); and these formulae must be 
applied in countries wherein water is sufficiently 
valuable to make it necessary to calculate its efficient 
distribution. The class of workmen who usually direct 
such operations heire are, however, rarely competent to 
apply those rules ; nor indeed, when the usual super- 
abundance of water in our country is taken into 
accoulDLt, would there seem to be any occasion for the 
exercise of so much care and skill. In Gloucestershire 
it is usual to make the conducting channel for 'a 
breadth of 300 acres, about 15 feet wide by 3 feet 
deep ; and the rule is sufficiently accurate in practice 
for similar districts. In warm climates, and in 
countries where water is scarce, the strict laws of 
hydraulics must be applied in calculating the dimen- 
sions of the feeders. 

166. At the points where the main conductor com- 
municates with the stream, or at those where the 
subsidiary channels branch off from the conductors, 
either permanent or temporary sluices must be placed 
so as to be able to regulate the admission and dis- 
tribution of the water at any period. Of thes6 imple- 
ments the most important is the hatch, or sluice, at 
the entrance of the conductor ; and it will require to 
be of considerable strength, in order to be able to 
resist the effects of any sudden freshets ; for if these 
freshets should occur when the crop is in a forward 
state, and be charged with much sedimentary matter, 
they may produce very disastrous results. The mode 
of closing the subsidiary channels is a matter of far 
less importance ; and that operation may be effected 
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either by the use of moveable dams, or by the use 
simply of pieces of turf laid across their mouths. It 
is often necessary to place, upon the main outfall drains, 
hatches of the same construction as those at the head 
of the feeder, in order to exclude the back currents ; 
but evidently these hatches must be opened when the 
irrigation is in process. 

167. All the above remarks must, however, only be 
considered as having a very general application ; and 
as being always susceptible of variation, according to 
local circumstances. Thus, the inclination frequently 
given to the main conductors in the mountainous 
districts of the Alps, Tyrol, Savoy, Dauphin^, and 
Pyrenees, is ri^j whilst in the. private irrigation 
canals lately executed in Piedmont and Lombardy, it 
varies between tbVo to -tAtt ; «Dd in La Provence it 
varies from 6 to 9 in 10,000. It would appear, indeed, 
that in mountainous countries the higher limits of 
inclination may be adopted ; but that if the inclination 
should exceed -g^-s-, it would be necessary to retard 
the velocity of the stream by interposing a series of 
cascades, or dams, for there are very few soils which 
would be capable of resisting the denuding effects of 
the water under such circumstances. If, on the con- 
trary, the irrigation should take place in a plain, and 
after the river has become tolerably clear, the inclina- 
tion may, without inconvenience, be made as above 
stated, from -rgVo to rrro • 

168. In setting out the main conductor, it is im- 
portant that the radius of curvature of the changes of 
direction should be made as large as possible, in order 
to avoid any diminution in the velocity of the flow, 
and in the rate of discharge ; and also to obviate any 
destructive action upon the banks. The minimum 
radius should be between 100 and 160 yards. The 



1S8 IRBIGATION. 

banks should be kept at least 8 inches above the 
water-line, when the supply of water is constant ; and 
it is even desirable to make that height from 16 to 18 
inches, in order to guard against any inconvenience 
from the growth of aquatic plants, which takes place 
with great rapidity m such pjositions. The peculiar 
mode of growth of this class of vegetation in long 
festoons, it is also to be observed, produces a greater 
interference with the rate of dischai^ge of the water- 
courses, than would arise merely from the actual 
volume of the plants themselves ; they retard the 
velocity of the flow, in fact, on account of the manner 
in which their long streamers follow the direction of 
the, current; and it is important that they should be 
cut as often as possible. The cross section to be 
given to the conductor must therefore be regulated by 
local conditions, with a view to seeming the twofold 
advantage of economy in the first instance, and of the 
minimum outlay for repairs subsequently. When the 
channel is cut in a hard retentive rock, it must be 
evident that the proper section would be one approach- 
ing a rectangular figure ; in any other soil, the angle 
of inclination of the banks must vary with the degree of 
its powers of resistance. A footway should be formed 
on both sides of the main conductor for the purpose of 
examining and repairing its banks. 

169. In England the supply of water is usually so 
copious, that it is rarely necessary to measure the 
quantity distributed at any particular place. In 
warmer climates, or even here when the preliminary 
expense of procuring the water has been considerable, 
its economical value becomes, however, so much 
enhanced, that it is a matter of primary importance 
to ascertain the quantities supplied to the various 
recipients. The construction of gauges has, therefore^ 
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for a long time occupied the attention of the hydraulic 
engineers of Northern Italy ; and the researches and 
experiments made by them for the purpose of establish- 
ing a simple, self-acting instrument of that description, 
have led to the announcement of the curious law of 
hydrodynamics, not before observed, to which attention 
has been already called (§ 51), and upon which is based 
the principle of the gauges used in Piedmont and Lom- 
bardy. A description of these gauges is subjoined, as 
they may frequently be required in our colonies, or 
in India. 

170. The unity adopted in the measurement of 
water in Italy is called Voneia d'acqua, and it is the 
quantity which could flow through a rectangular orifice, 
discharging freely at the lower end, but not entirely 
into the air, under a constant pressure of four inches 
above the orifice. When it is desired to distribute 
more than a single ounce, the width only is modified, 
whilst all the other conditions are retained. The 
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orifices of discharge are formed of the hardest descrip- 
tion of stones to be found in the country, or occa- 
sionally of cast, or wrought iron, and are cut square 
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without any bevel, or the addition of anything like a 
funnel capable of facilitating the discharge. There 
are no prescriptions as to the thickness, which under 
these circumstances is regulated by the width o£ the 
opening ; and this latter dimension is usually made of 
the width necessary to pass six ounces ; when more 
than six ounces -are required to be passed, the number 
of orifices is increased. - The conductor is formed 
upon the banks of the canal leading from thq main 
stream, by means of wing walls of masonry, and the 
sill is usually placed at the floor line. If the ground 
be of a soft or yielding nature, the portion exposed to 
the wash of the water must be paved, especially in the 
part where a species of cataract will exist. The 
opening of the conductor a 6 of fig. 21, is made equal 

Tig. 21. 




in width to that of the orifice of discharge, but the 
height is not limited. The rectangular space c c^ d d, 
is made about 20 feet in length, and 10 inches wider on 
each side than the orifice of discharge, and the floor of 
this space is laid with a rise of 16 inches in the total 
length, towards the orifice g h. At the level c d, of 



Fig. 22. 




fig. 22, is a flooring, placed for the double purpose of 
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preventing the water from rising' beyond the pre- 
scribed height, and for preventing any movement or 
agitation on its surface. The entry to this covered 
portion of the gauge is formed by a stone lintel, the 
underside of which is exactly level with the top of the 
orifice, and consequently 4 inches below the surface of 
the water ; and as the height of the orifice is always 
S inches, and the rise of the inclined plane is 10 
inches, the underside of this lintel is necessarily 2 
feet above the sill of the sluice. Immediately beyond 
the orifice is the tail chamber^ which is made 4 inches 
on each side wider than the orifice; its length is 
usually 18 feet, and at the further extremity its width 
is made 6 inches on each side wider than at the com- 
mencement. A small drip of 2 inches is formed at 
the commencement of the tail bay, and an inclination 
of S inches is given from thence towards the extremity. 
Oauges of this description require a minimum dif- 
ference of level of 8 inches between the water on the 
respective sides of the sluice; and so cannot be 
applied upon canals with less than 3 feet of water. 

171. It must be evident that a gauge, such as is 
above described, is far from being theoretically perfect. 
Indeed there can be no question but that the inter- 
ference of the contraction of the* fluid vein upon the 
discharge of a small orifice, must be far greater than 
that which takes place in a large one ; and it has 
actually been found that the discharge through a 
single orifice of six ounces exceeds that which would 
take place through six smaller orifices of one ounce 
each, in the ratio of 282 to 222. For all practical 
purposes, however, the Italian engineers consider 
these gauges to be sufficiently correct; but they do 
not allow more than six ounces to pass through any 
one opening. 
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172. It is necessaiy to construct waste weirs and 
overflows upon the sides of the main conductor, 
especially when the stream from which the water is 
supplied is liahle to sudden and considerable varia- 
tions in its volume. The mode of constructing these 
works, as well as that of constructing the bridges^ 
aqueducts, syphons, or other details, so closely re* 
sembles the mode adopted in canals, that their descrip* 
tion is reserved to that portion of the work. 

173. In some parts of France, and in the Milanese 
territory, a supply of water for irrigation has been 
obtained from Artesian wells; and when the spring 
which feeds those wells rises from a Qonsideriible 
depth, it is,' generally speaking, of a very superior 
quality for tlie purpose in view. The higher tempera* 
ture of the waters thus obtained to that of river w^ers, 
is of itself an important recomniendation in their 
favoiu*, and it is indeed one reason why they are prin- 
cipally used in Northern Italy for the " marcite," or 
winter meadows. At times also, the mineral elements 
contained in well waters are of great value ; but it is 

Fig. 23. 




rarely that the volume they furnish is sufficient for an 
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extensive application. In other countries, especially 
in warm latitudes, mechanical means are resorted to 
for the purpose of raising the water to the height 
required ; and windmills, norias (fig. 23), swapes, or 
fadotifs (fig. 24), Persian, or bucket wheels (figs. 25 and 

fig. 24. Rg. 25. 




26), may frequently be seen in motion with that object.* 

Fig. 26. 




The noria is indeed one of the characteristic instru- 
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ments of the Moorish agriculture, and may be obserred 
in all the countries where the Saracens settled for any 
length of time ; whilst the " fadouf " may be observed 
in the records of Egjrptian civilisation recorded in 
their temples, or hieroglyphical writings. In our own 
country steam power has been applied for raising 
drainage waters ; but, with the exception of the small 
works executed at Kugby for the distribution of the 
town sewerage, the authpr is not aware of ihe 
erection of any steam-engine exclusively f8r irrigation 
purposes, though there can be no doubt but that 
such an application would be highly profitable in 
many cases. 

174. With respect to the application of the water, 
and the period of the year in which it should be poured 
over the land, much will, of course, depend on the 
latitude, and the purposes to which the irrigation is 
applied. In tlie south-west of England, the usual 
practice is to irrigate through the months of October, 
November, December, and January, from fifteen to 
twenty days at a time, without intermission; at the 
expiration of that period the water is shut off, and the 
ground left to dry during five or six days. If a slight 
frost should occur, the water is again immediately 
turned on; but, if there be any probability of a long 
continued firost, the ground is left dr3% In February, 
the length of the periods of irrigation is diminished to 
about eight days, and care is taken to shut off the 
water early in the morning, so as to allow the ground 
to dry during the day time, and thus to obviate any 
danger from the light frosts at night. In March, the 
same precautions are observed; but the periods of 
irrigation are gradually diminished, in such propor- 
tions that the ground shall be thoroughly dry before 
the end of the month. The meadows are then depas- 
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tared during the month of April, by sheep and lambs ; 
and subsequently eaten barely down before May by 
heavy stock. After the beginning of May, the grass is 
allowed to stand for hay, and in some districts it is 
usual to irrigate for a week before the grass is so left ; 
but it appears to be an invariable rule with our farmers, 
not to apply more water after the grass ^ has reached 
two inches in height. 

176. Occasionally the meadows are irrigated after 
the crop of hay has been carried ; but some persons 
consider tiiat the grass of the aftermath is, under such 
circumstances, very injurious to sheep. Grass lands 
irrigated in summer are, in fact, known to produce the 
rot in tliose animals, though it would appear that 
cattle are not affected in a similar manner ; just as, in 
the damp meadows of Holland, the cattle thrive, 
whilst the race of sheep is both bad in quality and 
liable to violent diseases of an epidemic nature. It is 
known also that if the pui^st water remain upon land 
for any length of time, especially in spring or summer, 
it would deposit a species of white scum of the con- 
sistence of melted glue, which acts very injuriously 
npon the qualities of the grass. All these remarks 
may be applied to the other countries of temperate 
latitudes in which irrigation is used; but of course 
they are susceptible of modification, according to the 
nature of the ' soil or of the crop to be raised from it. 
Local experience must, therefore, always be consulted 
in arranging the details of every work of this descrip- 
tion* Indeed, the very interesting Reports by the 
able engineers connected with the Irrigation depart^ 
ment of the East India Company's service show 
that very little is known, of a trustworthy nature 
at least, with respect to the proper or the most 
advantageous applications of water. Like all other 
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eveiry-day sciences, that of irrigation has been hitherto 
treated with very little philosophy: the marvellous 
results of the works lately executed in India may, 
perhaps, lead to a more careful investigation than 
has hitherto taken place of the various questions 
involved. 

176. There is one of these questions of detail which 
certainly merits more attention than it has hitherto 
received from our agricultural engineers, namely, 
whether or no it be necessary to manure the lands 
to be irrigated ? It would appear, from what has been 
hitherto recorded, that the answer to this question 
would depend mainly upon th§ quantity of water to be 
distributed, upon the relative natures of the soil and of 
the waters. The German irrigators, who are able to 
dispose of large quantities of water, as we also are in 
England, have a popular proverb to the eflfect that " he 
who has water has grass ; " but in the north of Italy, 
where the supply of water is limited, the universal 
practice is to manure the lands highly before com- 
mencing a course of irrigation. In the granitic 
districts of Northern Spain there does not appear to 
be any reason for the application of any fertilising 
ingredients beyond those which are supplied by the 
water itself ; and even in parts of the Campine, or the 
plains near Antwerp, meadows are known to be 
annually improved, simply by the application of water 
without the addition of any manure. The grasses in 
our northern latitudes act, indeed, to convert the 
mineral and organic matters contained in tlie waters 
for their own nourishment; but in warmer latitudes 
the function discharged by the waters distributed by 
irrigation is, to facilitate the assimilation of the 
elements required for the growth of the plants, rather 
than themselves to furnish those elements, 
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177. Generally speaking, the turf, or the natural 
grass surface of a country laid out for irrigation, will 
suffice for the covering of the ground oyer which the 
water is to flow ; but as it may occasionally be neces- 
sary to sow grasses for the purpose of, as it were, 
creating a new vegetation, it may be worth while to 
give a translation of the mixtures of seeds which are 
recommended by the most practical foreign irrigators 
for the various descriptions of soils. Thus, for sandy 
soils, a mixture is recommended composed of the 
seeds of— 



1. Phleum pratense 
Agrostis vulgaris 
Holcus lanatus 
Poa trivialis 
Trifolium repens 
Medicago maculata 
Lathyrus pratensis , 

Per acre 



2 lbs. 



A 


LUO. 


. 6 




. 4 




, 6 




. 12 




. 3 




. 3 





• 36 lbs. 



2. For a sandy soil with a slight mixture of 
clay : 



Phleum pratense 
Poa trivialis 
Festuca elatior 
Lolium perenne . 
Avena pubescens 
Vicia sepium 
Lotus corniculatus 
Trifolium pratense 

Per acre 



2 lbs. 



. 6 


LU9. 


. 6 




4 




. 3 




. 2 




. 2 




. 10 





35 lbs. 
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3. For calcareous soils : 

Bromus pratensis . 
Dactilis glomerata 
Avena elatior 
Lolium perenne . 
Poa trivialis . 

„ pratensis 

„ augustifolia 
MedicagO nraculata 
Trifolium pratense . 
„ fragiferum 

Per acre . 

4. For stifif clayey soils : 

Phleum pratense 
Alopecurus pratensis , 
Poa trivialis . 
Festuca pratensis 

„ elatior 
Peucedauum officinale 
Medicago maculata . 
Trifolium t)ratense 
Lathyrus pratensis . 
Vicia sepium 

Per acre . 



• 5 


lbs. 


4 




4 




2 




9 




2 




2 




2 




6 




4 





40 lbs. 



2 lbs. 



4 


» 


9 


» 


4 


*> 


3 


»> 


3 


J> 


2 


99 


10 


99 


2 


J> 


2 


99 



41 lbs. 



Of course it must not be considered that the attempt 
to fix these proportions is anything more than a rude 
attempt to fix the composition of the grains to be 
sown; and every farmer must exercise his own dis- 
cretion as to the precise nature of the mixture he will 
employ. If sowing should be resorted to, it would 
appear that in our northern parts of Europe the most 
advantageous period for performing that operation is 
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about the month of March ; and, for the purpose of 
protecting the young plants, it is customary to sow 
some of the cereal crops at the same time with the 
grasses.' Oats seem to be the most useful in such 
cases, and they are cut in flower, to be used as fodder ; 
or the buckwheat may be used, provided it be not 
allowed to shed its grain, for otherwise the new plants 
would run the risk of being smothered by it. 

178. When water is used, as in the warmer regions 
of the East, for garden cultivation, the manner of its 
ap]>lication must vary essentially from that resorted 
to in North- Western Europe for meadow lands, on 
account of the different function it has to perform. 
In the former case the water principally acts to refresh 
the vegetation and to facilitate the assimilation of its 
nourishment, and it is therefore made to infiltrate the 
ground, instead of flowing over it in a uniform stream, 
as is the case in water meadows. The intervals 
between the watering of the irrigated meadows, how- 
ever, enables that class of operation to be carried on 
more economically (so far as the mere consumption of 
water is concerned) than when, as in garden irrigation, 
the feeding channels must be kept constantly full; 
and thence it happens that the latter operation is 
rarely performed when the supply of water is obtained 
from reservoirs. Wherever in the East a permanent 
supply has been obtained, the garden cultivation 
has been applied; and it might almost be said 
that in those regions irrigated orchards and gardens 
take the place of our meadows. The dry, clear, 
burning atmosphere has indeed there rendered irri- 
gation necessary not only for the plants, but also for 
the comfort of man, and even the worst regular 
governments have striven to secure that blessing. In 
the plains of Syria, and in the dominions of the 
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Mohammedan kings of India, great works have thus 
been undertaken for this purpose ; and, indeed^ the 
engineers of our East In^a Company have lately had 
little else to do with the irrigation canals of their 
predecessors than to repair and slightly redress^ them, 
in order to restore their effieienc3^ There is one 
difference, however, between the irrigation provided in 
Syria and that of our Indian possessions, viz., that the 
former is almost exclusively devoted to garden culti- 
vation, whilst the latter is occasionally applied to the 
growth of rice, and the enormous quantities of water 
which the East Indian engineers are able to dispose of 
have enabled them to combine other commercial appli- 
cations of water with the one they principally had in 
view. But whilst dwelling upon this part of the 
subject, it may be as well to observe, that at all times, 
and in all climates, the tendency of irrigation is to 
develope in the plants receiving it a growth of the 
leaves at the expense of the fruit or grain. This is 
especially the case in warm climates, where all the 
operations of nature take place on an extended scale ; 
but tlie effect of the law is to exclude cereal crops 
from the system of agriculture in irrigated districts, 
unless the cereals themselves should be of a peculiar 
natm*e, such as the rice, and perhaps also the Indian 
corn. Moreover, although in India the great feeders 
for irrigation, canals, are at times made to facilitate 
a species of canal navigation, and to drive mills, the 
economical results of such mixed systems have hitherto 
been more than questionable. 

179. In the warmer latitudes, as has been before 
observed, water is largely used for the purpose of 
creating artificial rice-grounds, and the conditions of 
the growth of that plant, as well as those of the 
application of water to it, are sufficiently distinct from 
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the conditions which prevail in ordinal*)'' irrigation to 
justify a passing reference to them. Now, the rice is 
essentially an aquatic plant, and it only grows in 
latitudes situated below the parallel of 46° north. 
During its growth it requires to be constantly 
immersed ill water; and it would seem that the 
quality of the land upon which it is grown, is a 
matter of far less importance than that of the water 
employed ; and that the water is by so much the more 
fitted for the irrigation of rice fields, as it is charged 
with the greater quantity of extraneous matter. For 
this reason river and pond waters are preferable to 
spring waters ; and indeed, the coldness and purity of 
the latter are at times so objectionable in rice fields, 
that it is considered necessary to expose them in 
shallow reservoirs, and to mix them with animal manure 
before pouring them upon the land. It is usually 
calculated that the quantity of water required to irri- 
gate a rice field, is about 1 cubic foot per minute, and 
per acre. This style of cultivation may either be 
permanent, or it may form part of a rotation ; in the 
first case it is adopted because the land is marshy, 
either from the want of outfall, or from the springs 
rising in it; in the second, a species of artificial 
irrigation is required for every crop of rice which is to 
be raised from the land. 

180. Whatever may be the nature of the ground to 
be converted into rice lands, the first condition re- 
quired is, that the water should be kept continually in 
motion, and that all of it which is brought upon the 
land should be removed. A series of plane surfaces 
must thus be formed, so that no part of the land may 
be left dry, and that the water may not be allowed to 
stagnate in any part. After the land has been pro- 
perly levelled, it is to be ploughed, and then the 
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retaining banks are to be formed ; of these there are 
two sorts : 1st, the longitudinal ones, or those which 
have the same direction as that of the stream, and 
which are intended to last as long as the field is laid 
down in rice ; and 2nd, the transverse banks, which 
intercept the current in an angular direction ; so that 
when the banks are completed the rice field mil be 
divided into a series of polygons. The sizes of these 
polygons is principally regulated by the difference of 
levels of the planes themselves; and they are made 
the smallest in those cases wherein the inclination is 
the greatest, in order to economise the labour of dis- 
posing them in horizontal planes. Moreover, the 
dimensions of these fields are limited by the consider- 
ation that the larger they are, the greater probability 
there must be that the wind may tear up the young 
plants. It is usual to make the banks about 6 inches 

Fig. 27. 




above the ground on the upper side of the field, and 
about 2 feet above that level on the lower side ; the 
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Yfidtii is never less than 6 inches at the crown ; but as 
the top of the banks often serves for a road, as well as 
for the immediate object of their formation, the width 
may vary indefinite^. They are made with the earth 
taken from the lower parts of the field ; and when they 
are roughly terminated, the water is let into the first 
division and allowed to rise about 5 inches all over the 
surface. Openings are then made in the lower banks, 
and water is successively let into them, so that, in fact, 
the whole of the field is converted into a succession of 
small ponds^ separated by the several banks. During 
the whole of the growth of the plant, it is thus exposed 
to be irrigated by flooding; but the extent and the 
manner of this flooding will vary with the health of the 
plant, its degree of maturity, and the violence of the 
wind. It becomes, therefore, necessary to regulate the 
admission of the water in such a manner as to be able 
to control its flow at any moment ; and even occasion- 
ally to shut it oflf entirely. After the rice crop has 
been carried, all the water is withdrawn, and the land 
is left exposed to the action of the atmosphere through- 
out the winter, and until the spring. 

181. Before closing this chapter it may be worth 
while to call attention to two modifications of the 
system of irrigation which are often of great local 
value. The first of these is known in the eastern 
counties of England by the name of " warping ; " and 
it is, of course, under other names, largely practised 
abroad, whenever the natural water courses are highly 
charged with mineral substances in suspension. Upon 
the banks of the Humber, and in some parts of 
Holland and Northern Germany, upon the banks of 
such rivers as the Ganges and the Nile, it is customary 
to form enclosures, in which the waters of the rivers 
are retained, in order to deposit the alluvial matters 
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they contain. But there is this singular difference 
between the conditions under which the rivers of 
Northern Europe, usually employed for warping, deposit 
their alluvions, from those prevailing in the mighty 
streams named above in conjunction with them ; viz. 
that the alluvial matters deposited by the former are 
mostly brought in from the sea ; whilst those brought 
by the Nile and the Ganges, are almost exclusively 
furnished by the disintegration of the lands^'near their 
sources. Warping in the fonrner case, can only take 
place near the sea; in the latter it may, and does 
often, take place throughout the whole course of the 
rivers ; and the quality of the land so irrigated is 
necessarily affected by the salts or other ingredients 
which are obtained from the waters. 

182. It is usual to surround land proposed to be 
thus treated by an embankment, in which are placed 
the inlet sluices, at the lowest level. The water enters 
through these sluices at the highest point of one tide, 
and is retained during the interval between two suc- 
cessive tides ; to be then run off entirely, even from 
the ditches, before the influx of the next. Upon the 
banks of the Humber it is considered that the most 
beneficial ejfifects are produced by the execution of this 
operation between the months of June and September; 
the embankments are made from 3 feet to 7 feet high, 
and it is usually calculated that a sluice, with a clear 
water way about 6 feet high and 8 feet wide, will 
suflSce to warp a surface of from 60 to 80 acres. In 
this district it is found that the warped lands are at 
first cold and raw, and that they require a peculiar 
treatment for agricultural purposes. Thus, they are 
not favourable for the growth of com ; oats may suc- 
ceed upon tliem, but barley never wUl. The rotation 
usually adopted is as follows : — The new warp is sown 
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with grass for two years ; on the third year wheat is 
sown ; on the fourth, beans ; and on the fifth, wheat 
again. Should the ground thus warped be found to 
contain too much salt, it must be exposed to the air 
for some time before being brought into cultivation; 
and at all periods it is found to be objectionable to 
allow the salt' warp to deposit upon growing grasses. 
Indeed, in Yorkshire, it is customary to let the newly- 
warped land lie fallow for twelve months before sowing 
the grass, and to let on the waters after the second 
crop of wheat has been raised. 

188. The quantity of sediment brought down by the 
rivers falling into the Humber is enormous. Lord 
Hawke stated, in his Report on the Agriculture of the 
West Riding, that one tide would deposit an inch of 
mud, and the source from whence it is derived is still 
a matter of great uncertainty. At its mouth the 
Humber is as clear as most rivers, and the floods from 
the upper countries, so far from increasing th« quan- 
tity of matters in suspension, on the contrary, exercise 
a' very injurious effect upon them. In the driest 
seasons and the longest droughts it is found to be the 
best and most plentiful, and produces its effect totally 
irrespective of the subsoil. In fact a new soil is 
formed, and the operation of warping differs in this 
respect from ordinary irrigation, which acts by 
improving the soil already existing. 

184. The second system of irrigation referred to in 
§ 181 is a system which acts principally by infiltration, 
and is applied in hilly districts as much for the 
purpose of obviating any ravinement, so to speak, of 
the vegetable soils on their inclined slopes, as it is for 
the purpose of irrigation strictly speaking. The feeders 
are in this case made as horizontal as possible, and the 
banks are raised, so that the water shall not flow over 

H 
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the sides ; but it is allowed to permeate the soil in a 
manner dependent of course upon the character of the 
latter. In Devonshire, &c., as was before said (§ 163), a 
modification of this system is adopted, under the name 
of the catch-water meadows, which consists in allowing 
the water to flow over the edge of the lower sides of 
the feeders in a small shallow stream, to be collected 
in a series of parallel lower horizontal feeders which 
retard its velocity, and retain any vegetable or alluvial 
matters the waters might remove. A drain is usually 
carried from the top to the bottom of a meadow of this 
description, at right angles to the feeders, for the 
purpose of removing the water from them if required ; 
but the entrances to these drains are closed when the 
irrigation is to be effected. Catch-water irrigation, it 
may be added, is executed at a much cheaper rate than 
any other. For it is usually calculated that the first 
cost of laying down any large area on a system of bed- 
work irrigation is about lOZ. per acre, whilst that of a 
system of catch-water irrigation is only about 5l. per 
acre. In the case of the Duke of Portland's celebrated 
water meadows at Mansfield, the total outlay was not 
less than 30Z. per acre; but as it is tolerably well 
known that the enhanced value of irrigated land, as 
compared with ordinary land, is not less than from 
IZ. 10«. to 21. per acre, it is strange that so little atten- 
tion should at the present day be paid to the subject. 
In India, the irrigation wprks have yielded at least 
from 40 to 60 per cent, on the outlay ; and though we 
cannot expect in England to obtain equally brilliant 
results, there is no reason to doubt but that operations 
of this description would stiU be eminently successful. 
The irrigation of the barren sands of the Campine, by 
the waste waters of the canal from the Meuse to tlie 
Scheldt, it would have been supposed would have 
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induced the persons interested in the suffering canal 
property of England to examine whether the sale of 
their waste waters might not compensate to them in 
some manner for the destruction of their carrying 
trade by the railways. The old Dutch engineers, who 
designed the irrigation of the valley of the Itchen, in 
Hampshire, made a very creditable attempt to apply a 
mixed system of canal and irrigation works, that is to 
say, when the state of the science of applied hydraulics 
in their day is taken into account ; and, not to leave 
the county of Hampshire itself, it must appear strange 
that the Basingstoke canal proprietors have not at- 
tempted to apply the lesson they might have learnt 
from their predecessors. 
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CHAPTER III. 

SUPPLY OF WATER TO TOWNS. 



QUALITY OF SUPPLY. 

185. The questions which require to be considered 
before deciding upon the source and the means of 
supply of water to towns, are those connected with the 
quaKties of the water itself, in the first instance ; and 
in the second, those connected with the physical con- 
ditions (as regards level and distance), of the source 
to be resorted to, and of the town to be supplied. All 
waters, it is well known, are not equally adapted for 
domestic use ; and those which are so adapted are 
rarely found in the localities where they are to be 
used ; so that in almost all cases it is necessary, either 
to bring the supply from a distance, or to raise the 
waters above their natural level. 

186. Of late years a great deal of discussion has 
taken place with respect to the precise qualities required 
in the waters selected for town supply, and the late 
General Board of Health especially endeavoured to 
establish some rather exclusive dogmas on the subject. 
The discussions have borne principally upon the so- 
called hardness, and the softness, of the waters ; and 
the authorities last named pronounced themselves very 
decidedly in favour of the latter quality. But in this 
case, as in most other instances, there is far too much 
uncertainty with respect to the real action of the agents 
under consideration to warrant the assertion of any 
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absolute law; and the choice of a source of water 
supply must be greatly affected by the local conditions 
of economy or expediency. Unquestionably the exces- 
sive hardness of the water it furnishes may be a valid 
. objection to a particular source, especially when that 
hardness is permanent in its character : but some of the 
chemical combinations which produce the hardness of 
waters, if they only act within certain limits, are stated 
by the most eminent pathological writers to render the 
waters wherein they prevail more fitted for human con- 
sumption than others wherein they are deficient. Soft 
waters, again, are unquestionably more pleasant and 
agreeable for domestic use than hard waters ; but their 
very softness may be owing to the presence of ingredi- 
ents able to affect, slowly but surely, the physical orga- 
nisation of those constantly using them ; whilst it is 
tolerably well ascertained that there is great danger to 
be apprehended from the action of the soft waters on 
some of the materials used for their distribution. At all 
times habit modifies the action of particular waters on 
the human frame ; and it is notorious that people who 
are accustomed to any one (whether it be soft, like the 
waters flowing from the primary rocks ; or hard, like 
those which have been affected by flowing from the 
carbonates or sulphates of lime), are always seriously 
affected when they begin to use another water, even 
though it may be of a superior quality to the one they had 
previously been accustomed to. Still there are waters, 
such as those found in countries wherein the soil is com- 
posed of the magnesian rocks, or contains the salts of 
magnesia or of sulphate of lime, which develope in so 
marked a manner the loathsome disease known by the 
name of Goitre, that it must be regretted that so much un- 
certainty should still be allowed to prevail on the whole 
subject of the indispensable qualities of a water supply. 
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187. PerhapB the most satisfactory exposition of the 
qualities so required is the one given in the ^'Annuaire 
des eaux de la France/* as foUows: ^'A water may be 
considered to be good, and suitable for driiiking, when 
it is fresh, limpid, and without smell ; when its flavour 
is hardly perceptible, and it is neither disagreeable, 
flat, brackish, or sweet: when it contains but little 
foreign matter, contains a sufficient quantity of air in 
dissolution, dissolves soap without leaving curds, and 
cooks vegetables easily." A small proportion of car- 
bonic acid gas gives a slight flavour to a water, and 
renders it more agreeable to the palate, at the same 
time that it facilitates the action of the digestive organs 
by slightly exciting them. The presence of this gas 
in a water, even in a small quantity, mftst be considered 
useful. All authors, moreover, admit that water of 
good quality ought to contain air in solution ; some 
persons have asserted that it is principally on account 
of the oxygen thus introduced tiiat the aerated waters 
are so superior in their quality, and they even attri* 
bute the occurrence of certain endemic diseases in the 
mountainous districts to the absence of oxygen from 
the snow-waters there consiuned. 

188. " With a few exceptions, the waters which hold 
in solution a notable proportion of organic matters 
putrify rapidly, and acquire injurious properties. It 
has been proved that diarrhoea, dysenteries, and other 
acute or chronic diseases^ have been determined ende« 
mically by the long continued use of the water of 
ponds, marshes, or wells containing excessive propor- 
tions of altered organic matters, either in suspension 
or in dissolution." The investigations of some English 
pathologists into the eflfects of certain well waters upon 
the health of the population using them, more than 
confirm the theoretical opinion thus expressed by the 

I 2 



152 SUPPLY OF WATER TO TOWNS, 

French chemists from whom we have quoted; and 
there can no longer be any reason for the semi-hesita- 
tion with which the latter authorities assert the prin- 
ciple that "the smaller the proportion of organic 
matter contained in a water, the better it is." But 
with regard to effect of other fixed bodies, it is not 
possible to speak with similar certainty; for whilst 
some authors contend that air and carbonic acid are 
the only foreign matters which ought to be. present in 
a drinking water, other authors contend that certain 
matters, in small proportions, are necessary to com- 
municate to it a pleasant flavour, even if they be not 
necessary for its wholesomeness. Thus the bicar- 
bonate of lime, when it does not exceed the proportion 
of 1 in 2000, is (Sbnsidered by M. Dupasquier, the able 
physician of the Hospital of Lyon, to be positively 
advantageous to the quality of a water for domestic 
purposes ; but the salts of magnesia are at the present 
day considered to have a very injurious action npon 
the populations consuming the waters charged with 
them. The sulphate of lime, moreover, does not, in 
the process of assimilation, produce any of the impor- 
tant and desirable changes which the bicarbonate of 
the same base is considered to do ; and the sulphate 
has the additional inconvenience of being easily decom- 
posable under the influence of organic matter, when it 
gives rise to the production of sulphuretted hydrojgen, 
one of the most objectionable gases to be found in 
water. Sulphate of lime also, it must be observed, is 
not thrown down by boiling, so that the hardness 
it produces is permanent ;. whereas when the bicar- 
bonate of lime is present, the effect of boiling is to 
disengage the second dose of carbonic acid, and thus 
to reduce the lime to the state of the insoluble car- 
jbonate. This important fact with respect to the action 
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of the bicaxbonate of lime was in some unaccountable 
manner occasionally forgotten by the parties connected 
with the late General Board of Health ; and they rea- 
soned about the loss of tea and of soap to the inhabi- 
tants of London, in consequence of the hardness of the 
Thames waters, utterly without reference to the change 
produced in them by boiling. 

189. " The nitrates," again to quote the " Annuaire 
des Eaux," " although they appear to be present in all 
natural waters^ occur in quantities too small, in those 
habitually used, to allow any rigorous conclusions to 
be formed as to their favourable or unfavourable 
action." • Modem English observers are, however, far 
£rom entertaining this 'sp.ecies of indifference with 
respect to the action of this particular class of impuri- 
ties ; and indeed as the nitrates in water are derived 
for the most part from the decomposition of organic 
matters, there is strong primd facie reason for objecting 
to their presence. The waters derived from shallow 
wells, especially in large towns such as London, Paris, 
or Manchester, are often highly charged with the 
nitrates; and some persons even go so far as to assert 
that ihose waters are, on that account, unfit for domestic 
use. In all probability there is exaggeration in the 
absolute condemnation of sources of supply thus 
affected; and it is notorious that people have con- 
sumed, uninjured, for years the well-waters it is now 
the fashion to decry. Nevertheless, the facts recorded 
by Dr. Snow, with respect to the influence of certain 
wells in London upon the diffusion of cholera, as well 
as those recorded by Drs. Letheby and Thompson, 
are such' as to warrant us in assuming for the present, 
that whenever the nitrates are to be found in propor- 
tions susceptible of being numerically stated, the 
waters containing them are hardly fitted for domestic 
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consumption. It happens also that the majority of the 
well-waters containing the nitrates are extremely hard, 
and that they do not lose that character even by boiling. 
The presence of the nitrate of lime in the London 
wells may perhaps be the explanation of the existence 
of a peculiar fresh water alga to be found in them in 
great abundance. 

190. It is considered foythe authors of the ^'Annuarre 
des Eaux/' that the small quantity of the chloride of 
sodium to be discovered in the waters habitually used 
for domestic service is rather advantageous than other- 
wise. ** But it is important to remark that the chlo- 
rides, in dissolution in waters, appear to be constantly 
accompanied by the iodides and the bromides; and the 
recent investigations which show that certain plants 
which grow in fresh water possess the faculty of assi- 
milatiDg those salts, prove that the latter are almost 
always present. As the latter salts when administered 
daily, even in very small quantities, are able to produce 
upon the human frame an effect, which from numerous 
observations we are entitled to consider as of great 
importance, it becomes essential to ascertain in' the 
most rigorous manner the proportions of the chlorides, 
iodides, and bromides in a water designed for drinking 
purposes. It is worthy of more than a cursory remark 
that people suffering under the goitre produced by the 
habitual use of waters containing magnesian salts, are 
sensibly relieved by the substitution for them of the 
waters containing salts of iodine." 

191. The physical character of a source of water 
supply may influence its quality for human consump- 
tion in otherwise than in its appreciable cheniical con- 
stitution. Thus, the waters which are kept in a state 
of motion may part with many of their noxious proper- 
ties, and they may acquire the a&ation of which they 
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would have been deficient if they were taken immedi- 
ately from their original source. In the case of the 
water from the chalk formation, for instance, a consi- 
derable proportion of the bicarbonate of lime contained 
in the water rising from the natural springs is parted 
with by a prolonged contact with the atmosphere ; and 
even a cursory inspection of the mills and their races, 
upon the banks of the river Lea, must convince any 
one that, if the presence of salts of lime be an objec- 
tion, the maxim it was once proposed to establish, 
namely, that "the nearer the source the better the 
supply," could not be invariably true. Spring water 
is, indeed, popularly considered to be the most fitted 
for human consumption ; but most scientific observers 
prefer river waters, provided they run over rocky ||l 
clean sandy beds, and do not receive the organised 
matters draining from the lands they traverse. It is 
dangerous to lay down any unvarying or absolute rule 
in these matters ; and in every case it is necessary not 
only to observe the chemical composition of the waters 
it is proposed to use, but also to observe their patho- 
logical effects upon the populations resorting to them. 
The human' constitution is a reagent far more delicate 
than any of those which may be used in the laboratory; 
and its indications ought to be studied with even more 
attention than the rude approximations of analytical 
chemistry. If, however, it be desired to establish a 
safe general rule, there certainly appears to be less 
danger in adopting the one that river waters are pre- 
ferable, for town supplies especially, than those ob- 
tained from wells. In the majority of cases spring 
waters, like those of the valley of the Lea above quoted, 
are improved in quality by exposure to the air, if they, 
at the same time, flow with considerable velocity. 
They thus part with any excess of carbonic, or 
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sulphuric acid gases they may originally contain ; they 
deposit part of the ewiiiy bases they may hold in 
solution ; they absorb oxygen ; and if the spring waters 
in their course should meet with other springs, charged 
with ingredients different from their own, a double 
decomposition may take place, and the respective waters 
may be purified. It does not appear, however, that 
mechanical agitation or exposure to the atmosphere 
produces any effect upon the sulphate of lime, or the 
chloride of calcium and magnesium, contained in spring 
water. 

192. The deposition of the earthy salts contained 
in spring waters takes place in a very striking manner 
in the pipes and channels in which it is conveyed ; and 
iLis on this account that it becomes especially neces- 
sary to guard against any such inconvenience in the 
execution of works for a town supply. In many cases 
this action is carried to such an extent as materially 
to diminish the available sectional area of the conduits, 
or even to render necessary the adoption of works of a 
very costly nature. For instance, in the aqueduct 
passing over the Pont da Gard the original sectional 
area has been contracted by the deposition of the car- 
bonate of lime, and in .many instances in our own 
country the same effept has been produced by that salt ; 
whilst in others, as in parts of Yorkshire, where the 
waters contain in large proportions the hydrous oxide 
of iron, the interior capacity of closed tubular conduits 
is diminished, by a deposit of that material, with re- 
markable rapidity. Waters of either of these descrip- 
tions would evidently be improved by a lengthened 
course over a clear rocky bed ; but it must always be 
a matter of even greater importance than the avoidance 
of the deposition of the salts that all possible chances 
of contamination from vegetable or animal matter 
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should be obviated, and that the atmosphere with which 
the wateri^ are in contact should be pure. One of the 
most striking illustrations of the outlay it is at times 
nelessary to incur in order to avoid any danger from 
the diminution of the sectional area of a conduit by 
deposition of the impurities contained in the waters, is 
to be found in the great aqueduct bridge of Boque- 
favour. This gigantic work was undertaken principally 
because it was feared that any reversed syphons, which 
might otherwise have been employed, would have been 
rapidly choked by the impurities thrown down from the 
waters of the Durance. 

193. The waters obtained from wells, particularly 
when they are only raised in small quantities, are liable 
to become stagnant, and deficient in aeration ; but the 
most dangerous effects produced upon stagnant waters 
are those observable in ponds, or small open reservoirs, 
or again in the waters of marshy or fenny districts. 
In all these cases the decomposition of the vegetable 
and animal matters, which are infallibly introduced, 
saturates the water with very objectionable gases, and 
communicates to it very repulsive and dangerous 
properties ; nor can there be any reason to doubt the 
correctness of the popular opinion which attributes the 
occurrence of typhoid fevers, in the districts situated 
upon elevated plateaus of permeable rocks, to the use 
of pond waters ; or of some forms of agues or marsh 
fevers to the use of the impure waters furnished by 
those localities. If, however, it be absolutely necessary 
to use stagnant waters, they may be improved by ebul- 
lition, and by a subsequent filtration through animal 
charcoal ; whilst air should be introduced after filtra- 
tion by allowing the water to fall from a height, or by 
a simple exposure to the atmosphere. Habich states 
that stagnant waters may be purified by mixing with 
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them a compound of 1 part of quick lime and 2 of 
alum, or of 4 of animal charcoal and 1 of alum, in the 
proportion of one of the compound to 1000 of the water 
in Tolume ; this compound should be left in contect 
with the water for several hours, and it is said that it 
18 preferable to leave the charcoal in contact with the 
water for a longer period than is required for the alum. 
The English engineer oiB&cers have frequently found 
great benefit from the use of alum alone, when it has 
been necessary to employ waters containing much 
alluvial matter in suspension ; but thiere seems to be 
little reason for thus replacing the hydrate of lime, 
generally used for the purpose of precipitating this 
class of impurities, by the more costly material, alum. 
Latterly, Mr. T. Spencer, of London and Liverpool, it 
may be added, has patented a process for the filtration 
of water containing deleterious gases, or tinged by 
organic colours, through sand intermixed with oxide 
of iron, of which a full description will be. found in the 
Journal of Qa.B Lighting, and Water Supply, vol. viL 
No. 137, p. 23. This process was said to be especially 
applicable in the case of peat waters. 

194. The waters of large lakes are usually of a 
quality intermediate between those of rivers and of 
ponds ; but they must necessarily be exposed to acquire, 
in variable proportions, according to their dimensions, 
their exposure to the wind, and the nature of the rock 
on which they repose, the objectionable quaUties of 
stagnant waters. In some cases, as in the great Swiss 
and Italian lakes, or in those of the mountainous 
regions of our own country, the waters are prevented 
from becoming stagnant by the passage of a great 
stream through them. But even in these cases it will 
almost always be found that the quality of the water 
on the line of flow will be superior to that of the water 
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in the body of the lake, or, in fact, that the waters of 
the rivers traversing them are of a superior quality to 
their stagnant waters. 

195. These remarks upon the qualities of well, 
river, pond, and lake waters, have an important bearing 
upon the system of supply to towns, known under the 
name of the " gravitation system," which has been of 
late years largely applied in the north of England. 
In works of this description the rainfall from the upper 
districts of an elevated range of hills, is collected in 
reservoirs, in such a manner as to store the excess of 
the winter rains for distribution in the dry season, and 
in almost all cases the reservoirs are established on 
such levels as to allow of their feeding the supply pipes 
by natural gravitation, from whence the name of the 
system is derived. Evidently, in these cases, the 
reservoirs ought to be constructed of such dimensions 
as to yield the maximum quantity for distribution, pre- 
cisely at the season when there would be the minimum 
rainfall; but this very fact creates a danger for the 
stagnation of the water at ordinary seasons. The 
purity of the water must, however, under any circum- 
stances, depend greatly upon the nature of the ground 
upon which it is stored, upon the transverse sections of 
the reservoirs, and lastly upon their dimensions. Thus : 
if the ground should be of a nature to communicate 
any salts, to develope any vegetation, or to contami- 
nate the water by the decomposition of any vegetable 
or animal matters it may contain, the quality of the 
supply will be fatally affected. Again, it is desirable, 
as far as possible, to make the transverse sections of 
ihe reservoirs such that the lowering of the water line 
should not leave broad belts of moistened earth or of 
masonry exposed ; it would indeed be preferable, theo- 
retically, to make the sides of such Btareeige reservoirs 
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vertical. But even when every possible precaution has 
been employed in the construction of artificial reser- 
voirs, the waters stored in them for any length of time 
must become deoxygenated, and whatever chemical 
reactions may arise from the contact of the water with 
the ground, must have ample means of developing 
themselves. In many of our Eastern colonies the 
adoption of a modification of this system of storing the 
excess of winter rains is absolutely necessary, and the 
natives of those regions have, from the remotest 
antiquity, pjdd great attention to the construction of 
the " tanks ; " just as the inhabitants of Central 
America have attached importance to the construction 
of their aguadas, or water stores ; because no peren- 
nial springs, or constantly running streams, are to be 
found in those countries. There may be, indeed, many 
occasions when it may be necessary to resort to the 
use of artificial reservoirs ; but, in England especially, 
it can only be on exceptional occasions that the system 
of storing the surplus rain, or surface waters, can be 
required to be applied, nor should it, in fact, be 
resorted to, until every other available source of 
supply has been exhausted. Under any circumstances, 
the dimensions it will be necessary to give to the 
reservoirs, in order to obviate any danger from the 
decomposition of the waters, will always be a valid 
objection to their construction. It must, however, be 
understood that practical engineering is essentially the 
science of the adaptation of the means employed to the 
end desired ; and that it would be worse than absurd 
to attempt to lay down any invariable laws with respect 
to its application. Every individual case which arises 
should be judged, in fact, upon its own merits, and 
with due regard to its accidental conditions. 

196. As the waters impounded in the reservoirs of 
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gravitation works are particularly exposed to the action 
of the surface soils over which they flow, it is as essen- 
tial that the latter should not be of a quality to affect 
their purity, as it is that the ground upon which the 
water is stored should be insoluble. It is on this 
account that it becomes essential to avoid the collection 
6f waters from ^' gathering grounds," as the contributing 
areas to such reservoirs are called, which are covered 
with peaty, or with agricultural, land. The former 
description of soils contribute not only vegetable organic 
impurities, but they also give rise to a very unpleasant 
colour; and this colour may often remain in the reser- 
voirs, or rather appear to be inherent in their waters, 
when in fact those waters are perfectly colourless, and 
the prevailing tinge is exclusively owing to the fine 
peaty mud deposited at the bottom. Lands, or soils, 
containing oxide of iron in perceptible quantities are 
often as objectionable as peaty lands, on account of 
their influence upon the colour of the waters flowing 
from them, and also because the salts of iron those 
waters take up are objectionable in a* domestic supply : 
but the most objectionable description of soil for the 
surface of gathering grounds is, without exception, an 
agricultural one, on account of both the organic and 
inorganic impurities it furnishes. Whenever, ilierefore, 
it is desired to form storeage reservoirs for a town 
supply, the gathering grounds composed of pure silicious 
sand, or of the insoluble primary or secondary rocks, 
must alone be resorted to. Fortunately rocks of these 
descriptions are constantly to be met with in the hilly 
districts which form the best gathering grounds. 

197. M. Dupasquier, from whom we have already 
quoted, s. 188, attaches very great importance to the 
temperature of drinkable water ; and he asserts that, 
as a hygienic principle, it is desirable to drink warm 
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water in winter, and cold water in summer. These 
conditions are of course the most certainly to be met 
with in deep spring, or deep well waters, for they are 
not subject to the variations of temperature of the 
atmosphere ; whilst river waters, and to a far greater 
extent, pond or reservoir waters, follow closely the 
changes of the mean temperature of their localities 
In many cases, however, the temperature of river 
waters may be aflfected by conditions essentially dif- 
ferent from those affecting the atmosphere, as for 
instance, when they are fed by snow-clad mountains ; 
for the melting of the snow will lower ihe temperature 
of the waters, precisely when the air in the low-lands 
is the warmest. Under any circumstances, large sur- 
faces of standing water must be particularly liable to 
be affected by exposure to atmospheric changes ; and 
it should, therefore, be an object in their construction 
to place them in such expositions, and in such position*, 
as to reduce the action of those changes to a minimum. 
The susceptibility of water in large reservoirs to assume 
the temperature of the air must always be an objection 
to the introductionof a system of water supply dependent 
upon them. 

QUANTITY TO BE DISTRIBUTED. 

198. When the various questions connected with the 
quality of a water supply have been decided, it becomes 
necessary to ascertain — 1% the probable amount of 
consumption; and 2^ the certainty of being able to 
supply that consumption at all times. In far too 
many cases it may be observed that the calculations 
which are presented to bodies executing water-works 
are based upon average supplies, and average con- 
sumptions ; but it is essential to remark that the rate 
at which the latter takes place is always the greatest at 
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ibe precise period when the former is the least. 
Instead, therefore, of calculating upon averages, it is 
advisable to reckon only upon the minimum known 
supply, and upon the maximum known demand, in the 
locality under consideration. And this observation 
applies with especial force to all *' gravitation '* schemes ; 
because, inasmuch as they depend upon the collection 
of the surplus rainfall of a district, and that surplus 
is notoriously table to great variations, of a nature to 
affect during long periods the quantity of water it is 
able to contribute, a reliance upon an average, of either 
description, will be sure to lead to serious inconvenience 
during periods of long continued droughts. 

199. The consumption of water in a town varies 
greatly, on account of the differences of habits and of 
occupations amongst its inhabitants; and also upon 
what may be styled the public taste with respect to the 
application of water. It is more than questionable 
whether, under normal circumstances, the real average 
consumption ever exceeds 6 gallons per Individual per 
day, that is to say, for mere personal services; and 
this quantity may be increased to 10 gallons per head, 
to allow for washing and other household purposes. 
But as in all towns it is necessary to provide for muni- 
cipal services, and to supply water for trade purposes, 
it is usual to calculate upon introducing double the 
quantity thus indicated, or to assume that the con- 
sumption will take place at the rate of 20 gallons per 
head per day. So long as the old intermittent mode of 
supply to private houses remained in force, this mode 
of calculation was found to be sufficiently accurate; 
but of late years the system known under the name of 
the *^ constant supply " has been introduced, under the 
patronage of the Board of Health especially ; and in 
almost every case wherein that system has been applied, 
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the consumption has increased in a most rapid and 
alarming manner. In London itself, where the inter- 
mittent system, however^ still prevails, the consumption 
at the present day can hardly be considered to be less 
than 40 gallons per head per day; but, in some instances, 
where the constant, supply has been given, the con* 
sumption has risen to 80, and even 100 gallons, per 
head per day. Of course this could not be the case if 
.an enormous waste did not take place ; but the fact is, 
that not only is the real consumption of water in 
towns increasing in a very marked and serious manner, 
but that it wiU always be extremely difficult to control 
the application of an article which must be supplied 
under the peculiar conditions under which water is 
usually distributed. It would be out of place here to 
discuss who are the proper parties to be entrusted with 
the execution of a water supply to a town ; but it may 
be sufficient to state that when the supply remains in 
the hands of companies, it is possible, even under the 
constant delivery system, to keep the consumption of 
water within the limits of 20 gallons per head per day; 
whilst in nearly all cases wherein the supply has been 
eflfected by municipal bodies, the rate of consumption 
has attained the higher limit of 40 gallons. Indeed, at 
the present day, it is hardly safe in England to calculate 
upon a lower average rate ; and as the great development 
lately given to the system of land drainage has materially 
diminished the quantity of water flowing in dry seasons 
in the majority of the natural water-courses, it has 
become almost a matter of national importance to check 
the profligate waste of water which seems to be gaining 
ground on all sides. 

200. It is so essential to the satisfactory working of 
a town water supply that the quantity disposable should 
be sufficient to meet all demands upon it, that at the 
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risk of repeating what has been before stated (s. 197) 
attention is again called to the fact, that the rate of 
consumption is the greatest when the supply is the 
least. It is usually considered that in summer, the 
actual requirements of a town are about 20 per cent, 
above those of the average quantity ; whilst in winter 
they are as much below that amount. Messrs. Hawksley 
and Simpson, the engineers, who perhaps have had 
the greatest experience in this particular branch of 
engineering, gave, during the discussions upon the 
Liverpool Water Works, the following tables of the 
relative monthly draughts upon the mains of a town ; 
the former being the result of actual observation on 
the working of the Nottingham Water Company; the 
latter, a more general hypothetical statement. 



Honths. 


Bate of Consumption. 


Mr. Hawksley. 


Mr. SimpsoxL 


January 




4*89 per cent. 
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February 


>» $» M 


4-82 „ 


9 „ 
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10 


July 
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10 


August 


>» f> « 
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7 


September 


n »> » 


3-59 „ 


7 „ 


October 


„ behw „ 


2-33 „ 


4 1, 


Kovember 


'* f> 91 


1-71 „ 


3 


December 


>» l» >l 


3-77 „ 


7 „ i 



201. There are two other considerations which 
require to be taken into account when endeavouring to 
ascertain the amount of consumption, especially in the 
case of gravitation water- works. These are, firstly, the 
compensation to be supplied to the possessors of water 
privileges in the districts likely to be affected by the 
interception and retention of the surplus waters of the 
rainy season ; and secondly^ the amount of evaporation 
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it is necessary to provide for. Evidently the first 
source of consumption must be regulated by the actual 
state of the mill and other water property existing 
upon the water courses, and it can only be ascertained 
by a careful examination of their working power or 
capacity. These are questions of fact not of theory; 
and it would be dangerous to lay down any general or 
abstract laws with respect to them. It may, therefore, 
suffice to say that in most cases it is advantageous to 
the owners of water privileges that the irregularities of 
the streams they use should be regulated ; and that 
they must be gainers in cases where they possess mill 
power by any operations which tend to give them a 
permanent, rather than an irregular supply. Unfortu- 
nately this is rarely considered by the juries or other 
tribunals, which assess the amount of compensation to 
be given to mill owners affected, or said to be affected, 
by the impounding of waste waters ; and it is therefore 
prudent to make a liberal allowance for the supply of 
the compensation reservoirs it is necessary to form, in 
order to meet this source of consumption. 

202. The allowance to be made for evaporation must 
depend entirely upon the physical conditions of the 
locality in which the reservoirs are constructed ; for 
the rate of evaporation depending upon the rarefaction 
of the atmosphere, it must necessarily rise or fall with 
the conditions affecting that rarefaction. The average 
temperature, the exposition, the average rate of motion 
in the air, the circumstances likely to affect the hygro- 
metric state of the atmosphere, or to charge it with 
vapour in suspension, must vary in every individual 
case; and the recorded observations upon all these 
modifying causes must be taken into account ; bearing, 
however, always in mind that the supply mtist exceed 
the demand at the periods of the maximum draught. 
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The doctrine of averages is especially fallacious in this 
particular instance ; for the average rate of evaporation 
is ascertained from the result of the observations 
carried on during the number of years constituting the 
cycle of the climate at the place under consideration. 
But it often happens that for three years consecutively 
the rate of evaporation will be greatly -in excess of the 
average; so that it is essential to know rather the 
maximum rate id the locality than the probably decep- 
tive average. In the hilly districts of the north-west 
of England the rainfall varies from 2^ to 60 inches per 
annum, whilst it is estimated that the evaporation from 
the water surface may be considered to be safely 
allowed for» if the parties examined before Parliament 
be correct in their opinions, on the calculation of its 
taking effect at the rate of from 9 to 16 inches per 
annum. This calculation is however very questionable, 
and certainly in the low lands it would lead to dis- 
astrous results. Mr. Daniel records many instances in 
which the rate of evaporation during the hot summer 
months is at least double that of the rainfall; and it 
is even upon record that the evaporation from a large 
exposed water surface has amounted to as much as 
four inches in a day. Evidently this would be so 
exceptional an occurrence in England that it would not 
be advisable to provide for it; but the experience 
derived from the use of reservoirs on canals appears 
to indicate that, during the summer months, it is 
necessary to allow for an evaporation ranging between 
^ and -I- of an inch per day, or for an average evapora- 
tion of from -tV to -tV of an inch per day throughout 
the year. In addition to this source of consumption it 
would be necessary to allow for the filtration into the 
subsoil ; but the consideration of this part of the subject 
will be more conveniently reserved for the treatise on 
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canal and river navigation. It may suffice here to say 
that it is the greatest on light sandy lands, or on 
fissured limestone rocks ; and that it will take place on 
every occasion of laying bare the bottom and sides of 
any reservoirs or canals, 

203. Before, however, closing these remarks upon 
the rate of consumption of water, and its influence 
upon the decision as to the dimensions to be given 
to catchwater reservoirs, it may be advisable to state, 
even at the risk of repetition, that as the streams 
which supply them are fed almost entirely by the water 
running oiF from the land, those streams must neceS'^ 
sarily vary considerably in volume. The range of 
variation will depend upon the greater or lesser 
^equality of distribution of rain-fall ; upon the configura* 
of the country with respect to the outlines of hill and 
dale ; and upon the capacity of the superficial strata to 
absorb and retain water during wet weather, and to 
part with it during droughts ; or, in fact^ upon their 
capacity to store water, and thereby equalise the flow 
of the streams. The dimensions ofthe reservoirs must 
then depend likewise upon the distribution of the rain- 
fall ; and it would appear that, practically, it is foxmd 
to be advisable to make their capacity of storeage 
equal to about six months* consumption, in addition 
to the quantity which is likely to be lost by evapora- 
tion, A well executed system of either catchwater or 
thorough drainage, would unquestionably increase to a 
great extent the quantity of water derivable from a 
given area, but it will in novdse diminish the necessity 
for constructing the storeage reservoirs, but rather, on 
the contrary, augment that necessity ; for as the water 
in such cases is directly removed, the storeage capacity 
of the ground itself is also diminished in the direct 
proportion of the perfection of the drainage. The 
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neglect of this simple principle has no doubt materi- 
ally affected the success of some recent works, such as 
the Bugby and the Sandgate water-works. But for 
other reasons, the system on which those works were 
designed is an objectionable one; for the formation 
of a complete thorough drainage must always be an 
expensive operation, and when combined with the cost 
of the necessary reservoirs, it must lead to so great 
an outlay, that it may safely be asserted that the 
piped gathering ground should never be resorted to 
until every other source of supply has been exhausted. 
It was formerly considered that, in favourable situ- 
ations, it would be possible to depend upon obtain- 
ing as much as two-thirds of the rainfall over an 
area so treated; but the efficiency of the drains 
becomes rapidly deteriorated, and certainly the marked 
failures of the Sandgate and of the Bugby water- 
works, (which were carried out on this system), 
have been such as to inspire great distrust of the 
correctness of the principles on which they were 
designed. 

SOURCES OF SUPPLY. 

204. After settling the various portions of the inquiry 
upon the important details .connected with the quantity 
and quality of the water supply required for any par- 
ticular town, it is necessary to examine the probable 
sources from which such a supply is to be obtained, 
and to ascertain their permanent conclitions, under any 
reasonable modifications of the demand upon them. 
These sources may, for the. purposes of the present 
inquiry, be classed as follows ; though of course the 
classification itself is not presented otherwise than as 
a mode of simplifyiug the study of the subject. Local 
circumstances will often render it unnecessary to follow 
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out the details of the investigation to the extent herein 
sketched forth. 

205. Water may be obtained from, 1"* springs; 
2"* wells, either in tiie surface strata of the district, or 
from great depth ; 3° rivers ; and 4° from the surface 
of the ground by means of reservoirs, either with, or 
without, subsoil drainage. 

1. SPRINGS. 

206. The rain waters falling upon any particular 
district, are considered by English philosophers partly 
to flow off from the surface by means of the natural 
water courses, partly to be absorbed by the vegetation 
nourished by the surface, and partly to soak into the 
ground by the mere action of gravitation ; the propor- 
tions disposed of in either manner beiug about the 
.same. The water which thus soaks into the ground 
beyond the influence of evaporation, continues to de- 
scend, in a tolerably equable manner, if the character 
of the subsoil should happen to be homogeneous, so 
far as its capacity for holding, or parting, with water, 
is concerned; or in the various fissures, or veins, 
if the subsoil should happen to be, comparatively 
speaking, hard, and be, as is generally the case in 
such soils, strongly affected by the unequal contractions 
which have taken place in their mass. The descent of 
the water continues until it is arrested by the inter- 
vention of an impervious bed, or stratum, and it then 
will either flow along the top of this stratum, to some 
point where it meets with a natural outcrop ; or it will 
accumulate in the water-bearing stratum itself, until 
it can find a natural, or an artificial relief; in the 
former case displaying itself in a spring, in the latter, 
feeding any well sunk into the water-charged portion 
of the subsoil. It follows from these conditions, that 



SOURCES OF SUPPLY. 171 

the yield, as the quantity of water obiainable from a 
spring is called, must depend upon raany very compli- 
cated circumstances, and it is therefore essential to 
study all the bearings of those circumstances before 
resorting to one of those springs for a town supply, 
especially if they should be exclusively fed by the 
surface strata. 

207. The springs thus fed by the surface strata 
are technically known by the name of land springs, 
and in their case the rain water falling upon the loose 
permeable soils,' descends through them simply by the 
action of gravity, and is never affected by any hydro- 
static pressure. Land springs, in fact, never rise above 
the surface of the ground, but, on the contrary, their 
waters would rush into any depression formed in the 
upholding stratum, as indeed occurs with the majority 
of the shallow wells sunk into the superficial gravels, 
or drifts. It is precisely on account of the facility with 
which waters permeate this class of deposits, that their 
quality is likely to be affected by infiltrations from the 
surrounding soil ; especially in large towns or populous 
districts. But in addition to this vital objection to the 
use of land springs, for the purposes of a town supply, 
an additional one exists in the fact that the water, 
following as it were indifferently in one or other 
direction, will, at any time, leave a particular well, if 
another well be sunk above it on the line of flow, and 
at a lower level ; or even if it be sunk below the first 
one on the line of flow, and at a lower level. In fact, 
there is no security in the permanence of such a source 
of supply, and it is worthy of remark, that in no country 
in Europe is there any legal protection to the rights of 
the proprietors of tmderground waters. This subject 
will be considered hereafter. ^ 

208. Deep-seated springs are those which are fed by 
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the waters falling upon, and soaking down to great 
depths in any of the important members of the geo- 
logical series. Sometimes the waters thus collected are 
intercepted in their descent by the intercalation of an 
impervious bed in the general mass of the rock ; and, 
under these circumstances, they find their way to the 
surface in consequence of some fault, upheaval, or other 
great geological disturbance, which may have inter- 
cepted the lateral passage of the water, and at the 
same time have furnished, as it were, a natural outlet 
At other times the water-bearing stratum may pass 
under an impermeable stratum, and itself repose upon 
a second impermeable bed. Under the latter circum- 
stances the water will flow in the greatest abundance 
at the level of the lower portions of the permeable 
stratum, according to precisely the same hydrodynamical 
laws it would observe if it were flowing upon the surface. 
If, then, an opening should be made through the over- 
laying impermeable bed, the water will rise in the 
opening to a height corresponding with the hydro- 
statical pressure, diminished by the friction the water 
meets with in its traject, or perhaps also by the fact of 
the existence of a natural overflow. These latter over- 
flows are indeed frequently to be found at the points 
where a permeable stratum passes under an impermeable 
one ; and their existence in such places may be explained 
on the supposition that the lower basin, or portion, of 
the water-bearing stratum being gorged, the fresh 
supplies, which filter through from the higher lands, 
can only escape at the edge of the basin. The existence 
of a fault may often also be observed near the natural 
outflows, when the latter even occur at the points where 
the permeable strata are covered over by impermeable 
ones, thus complicating the conditions of outflow; 
indeed the most remarkable of the known springs are 
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brought to the surface by such natural causes^ and it 
is remarkable that their volume is generally speaking 
greater in the cases where they occur in consequence 
of an interference with the subterranean flow in the 
body of the water-bearing stratum itself, than where 
they simply act as overflows at the edge of the contain- 
ing stratum. The above cited classification of land and 
deep-seated springs must, however, not be considered 
to have any great philosophical value. It merely ex- 
presses the apparent physical conditions of the sources 
of supply, without much relation to their relative im- 
portance ; and perhaps it would be more logical to apply 
the term land spnogfi solely to those which are fed by 
the superficial gravels or sands of a diluvial character, 
SEich as were for ages the sole resources of towns like 
London, Manfiheater, Paris, Southampton, Ipswich, &c. 
309. Important deep wMiA aipnngs are to be met with 
in almost every geological formation of the secondary 
and tertiary series, with the exception of the clays and 
retentive marls which occur in such abundance ; but 
they are most eommaa. in the various limestone rocks. 
In the primary formations it may be stated that no deep- 
seated springs occur ; for their impermeable character 
opposes an effectutd resistance to the accumulation of 
water below the surface^ so that unless they are covered 
with detritus, or are traversed by numerous fissures, 
these formations are characterised by water courses of 
a very irregular and torrential description; the springs 
they yield are merely land springs, often numerous and 
easily perceived in wet weather, but soon drying up in 
the summer. In the secondary and tertiary strata, 
however, the springs are rarer, but of far greater 
volume than they are in the primary series; and, 
indeed, the Abb6 Paramelle very justly observes that 
there is a species of relation between the number and 
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the abundance of the springs in a formation. The law 
he suggests is, in the main, true, viz. : that " the rarer 
the visible springs may be, the more copious they would 
be when found ; " and he thence infers, that if at any 
time a copious visible spring be discovered, it may 
safely be asserted that no others are to be met with, in 
the same formation, within a considerable distance, 
especially if its surface should occupy a higher level 
than that of the spring. The most copious springs 
known are those to be met with in the secondary series, 
such as the Fountain of Yaucluse^ the sources of the 
Loiret, of the Touvre near AngoulAme, of the Louype 
near Souillac, of the Thames itself; whilst the jsources 
of such streams as the Rhone, the Arve, or the Ganges, 
being entirely fed by the melting of the ice in the 
glaciers from which they issue, cw h^dly be considered 
to come under the d^aig&ation of springs. 

210. In our own country the chalk-formation exhibits 
some of the most striking illustrations of the conditions 
of flow of under-ground waters ; and in many places it 
throws off streams of extraordinary beauty and volume. 
Thus, near Amwell and Chadwell, in close proximity 
to the outcrop of the basement beds of the London 
clay, and also upon a line of geological disturbastce 
which passes under London and is connected with 
the outburst of the springs at the head of the Bavens- 
bourne on the south side of the Thames, are found the 
celebrated springs which originally supplied the New 
River. At Bury St. Edmund's, Suffolk, a very powerful 
spring, called the Mermaid's Pits, is brought to the 
surface on the side of a valley transverse to the main 
axis of the chalk, — and which is no doubt attributable to 
a fault. Near Southampton, the Otterboume spring rises 
close to the point of junction of the basement beds of 
the Hampshire tertiaries with the chalk ; whilst near 



SOURCE OF SUPPLY. 175 

WeTmouth, the springs of Sutton Poyntz and of Upway 
are brought to the surface at points where the great 
fault traversing that portion of Dorsetshire affects both 
the chalk and the upper oolite. In the districts where 
the carboniferous strata are found, the effects of the 
numerous faults, and cross throws, which intersect the 
country, are even more strongly marked than they are 
in the more recent strata ; and in the portion of the 
West Biding of Yorkshire, near and around Halifax, 
an immense number of springs are given off wherever 
the regular stratification of the beds is interfered with 
by the upheavals which have there so strangely fissured 
and contorted the whole surface of that district. In 
the old red sandstone formation the same phenomena 
may be observed, copious springs are to be found at the 
lines of disturbance so commonly to be met yfniix in 
them. 

211. Deep-seated springs, such as the above, are 
naturally more constant in their volume than land 
springs, in precisely the same proportion in which 
their supplying strata are more extensive, or of greater 
storeage capacity. It is, however, impossible to pre- 
dicate what may be the quantity of water permanently 
obtainable from any one of them, unless a careful 
survey shall previously have been made for the pur- 
poses of ascertaining the area of the exposed permeable 
surface likely to affect the supply ; of the relative con- 
ditions of level of the ground, and of the spring as 
it flows naturally ; and of the levels of any natural 
outflows from the water-bearing stratum near the loca- 
lity under examination. But even such an investigation, 
however carefully made, will not dispense with the 
necessity for a consecutive series of gaugings of the 
spring under all the varying meteorological conditions 
of the locality. And it is important here to observe 

K 2 
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that the gaugings of a spring, or of a water course, 
made during two or three months only, are not likely 
to famish any reliable data, especially in the case of 
the superficial springs ; because as they are supplied 
by the rain-fall, it follows that they must vary more or 
less with the variations of the weather. tJnless, then, 
observations be extended over several years, indeed 
over the whole cycle of the climate (in England this is 
of about seventeen years' duration) the indications to 
be derived from gaugings over short periods are very 
likely to mislead in calculations with respect either to 
the average or to the minimum flow. The period of 
the year when gaugings are taken will materially affect 
the correctiiess of the observations, if only a few isolated 
ones can be taken ; because not only does the rain-faU 
vary with the seasons, but it has also been ascertained 
that the springs of any depth are affected at an interval 
of from one to five months from the period of greatest 
rain-fall, according to the nature of the ground. As 
the greatest quantity of rain falls in north-western 
Europe during the later autumnal and winter months, 
it appears, that if it be necessary to confine the prac- 
ticed observations upon the volume of a spring within 
very short periods, the most advisable course is to 
make them during the months of September and Oc- 
tober; for generally speaking the springs are the 
lowest at that period. Even if made in those months, 
such isolated observations are, however, very likely to 
be fallacious; and, as was said before, unless they 
extend over the whole cycle, the yield may occasionally 
faU short of the quantity calculated upon in a very 
serious manner. Nevertheless a very imperfect series 
of gaugings, combined with a careful surface geological 
survey, will furnish indications of sufficient exactitude 
to prevent the absurd outlay which has sometimes been 
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incurred in an empirical attempt to pump dry springs 
of ibis nature. It is positively a fact that latterly, 
under the advice of one of the Inspectors of the General 
Board of Health, an attempt was made to pump dry 
one of the most copious of the deep-seated springs 
mentioned above. 

212. For the purposes of a town supply, then, springs 
can only be resorted to when their volume is known 
to be constantly in excess of the maximum demand to 
which they are likely to be exposed ; and at all tLmes 
their pathological effects must be carefully studied. 
Under favourable circumstances they furnish an inva- 
luable resource, especially as their waters are almost 
always characterised by an equality of temperature, a 
condition so essential in a water intended for drinking 
purposes. But it is rare to discover deep-seated springs 
of a volume sufficient for the supply of a town, and it 
then becomes necessary to sink weUs, q;r (o adopt some 
other means of supply. 

¥ 

2. WELLS. 

218. Wells may be either shdUOw^ deep, or Artesian. 
Shallow and deep wells are those which are sunk 
through a permeable stratum, and form as it were 
reservoirs into which the land springs may filter and 
accumulate ; whilst the Artesian wells are those which 
are sunk through an impervious upper stratum, to 
reach a subterranean water-bearing stratum lying in 
its turn upon an impervious upholding bed. In the 
former cases, the quantity of water obtainable is simply 
that which can filter through the sides of the well to 
replace the water removed, or which may accumulate 
in any reservoir formed below; whilst in the latter 
case the quantity obtainable will depend simply upon the 
power of the water-bearing stratum to transmit water. 
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214. In the case of shallow wells the area of the 
contributmg strata is usually very limited, for it must 
be confined to the portions which are able to drain 
towards the well. These portions are, in fact, com- 
prised within a reversed cone, whose apex is the bottom 
of the well, and whose horizontal base may vary accord- 
ing to the greater or lesser permeability of the stratum 
itself. In sands and gravels the diameter of the base 
becomes practically infinite, but the mere necessity of 
interposing an almost solid waU to prevent their running 
into, and filling up the well, creates a resistance to the 
influx of water. In the permeable, or fissured, secon- 
dary or tertiary series the lateral flow of water to a 
well does not take place with the same ease that it 
does in the lighter superficial deposits; so that the 
above cited law as to the form of the contributing area 
may be more distinctly observed in them than in gravel 
or sand. No general law can be said to exist as to 
the rate of the transmission of water, so that in all 
cases wherein it is advisableflo resort to shallow wells, 
it will be advisable also to establish a series of obser- 
vations upon the rate at which umilar wells in the 
same formation are refilled, after being pumped dry. 
But the most important observation to be made with 
respect to shallow wells is that, when formed in towns, 
they are especially liable to be affected by the infiltra- 
tion from drains, sewers, or cesspools, and thus to 
take up the nitrates which we have before seen (ss. 189, 
193) constitute the most objectionable ingredients to 
be found in a water intended for human consumption. 
To such an extent, it may be advisable here to repeat, 
are shallow wells in towns exposed to be thus con- 
taminated, that many able observers have recommended 
that their use should be strictly forbidden by the autho- 
rities entrusted with the care of the public health. 
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But it is not yet SfttififactoHly proved that, although 
unquestionably the waters of shallow wells are often 
hardy and may be often dangerous, the presence of the 
salts of nitre is so decidedly fatal, as to justify the 
neglect of a source of supply which, in London espe- 
cially, yields a very agreeable water. There has been, 
in tins matter, somewhat of the hasty dogmatism 
which characterises modem official science ; but unfor- 
tunately the public is little able to discriminate the 
value of the opinions uttered by such authorities as 
those now aUuded to. However this may be, it must 
evidently be important that the wells sunk in populous 
districts should be protected from any danger of con- 
tamination by the infiltration from sewers or cesspools ; 
and the extent to which this danger may extend must 
depend upon the permeability of the water-bearing 
stratum itself. 

In the case of deep-seated wells, the probable yield 
of water must depend primarily upon the area of per- 
meable strata, likely to affect the supply, and upon the 
facilities those strata may offer for the passage of water ; 
and secondly upon the rate of consumption ^which 
takes place in the neighbourhood, for the quantity of 
water which any particular stratum can supply is only 
a limited quantity, so that evidently, if the water be 
taken at one point, no more will remain for the other. 
It is also essential to observe, in these matters, that 
there is at present no legal mode of creating a vested 
right to underground waters ; and that, therefore, if 
the authorities of the town should resort to a deep 
seated weU, there is no legal guarantee to protect them 
from the interception of their waters by any person 
who may choose to sink a well near to them. Diffi- 
culties of this description have actually arisen, and to 
cite one striking case it may suffice to refer to the 
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celebrated action recorded in Gale on Easements^ 
between Acton and Blundell, (p. 181, ed. 1849), which 
as strangely illustrates the ignorance eyen of the most 
learned judges, in questions affecting natural laws^ as 
it does the itbstract justice of the principles the old 
Eoman, or the civil, law was founded upon. But the 
. most remarkable illustration of the effect which may 
be produced even in a comparatively large water-bearing 
stratum by pumping on a large scale, is to be found in 
the fact, that the water line of the chalk formation 
under London has been, according to the observations 
of engineers and geologists, permanently lowered to 
the extent of 50 or 60 feet below Trinity high-water 
mark ; and it is even stated that the level of the water 
in the wells near the summit for this formation rises on 
the Monday morning, in consequence of the cessation 
of pumping in London during the Sundays. But with 
respect to the particular formation thus referred to, it 
must be observed that the subterranean disturbances 
to which it has been exposed have introduced some 
peculiar conditions in the flow of the water it contains, 
whereby the weUs on the south west of London are 
protected from the effect of the great abstraction of 
water in the metropolis. There is, in fact, a line of 
upheaval which traverses the valley of the Thames 
from east to west; and one, if not more lines of 
upheaval running from north to south; so that the 
passage of the underground waters is intercepted, and 
the level of the water in the chalk wells of north 
Kent is considerably above the level observable in the 
wells of Middlesex. These observations can hardly 
be followed up to their full extent in the present 
treatise ; but they show how wide must be the range 
of study of those entrusted with the execution of a 
town supply, and how necessary it is to trace, not only 
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the apparent, but the hidden causes which are likely 
to affect the desired results. The result of the 
pumping operations at Liverpool might also be referred 
to as illustrating the conditions affecting deep wells. 

215. If, however, it should have been ascertained 
that no geological disturbaifce of the water-bearing 
stratum (in which it is proposed to sink the supposed 
well) exists, the yield of that well may approximately 
be calculated, as was before stated, by observing the 
area, and the elevation of the district situated above the 
water line, and the rate at which a definite quantity of 
water may pass through the rock. In some formations 
not only does the water find its way through the 
body of the deposit by a uniform permeation, but it 
collects in large sheets, or streams, in the cross fissures 
so often met with in stratified deposits ; and when 
this is the case, the rate of supply may, and in all 
probability will, be increased ; but at the same time 
there will be a greater risk from an accidental inter- 
ception of the stream. The flow of such underground 
streams will naturally be affected by the hydrostatic 
pressure, or head, under which they exist, and very 
often that head may be such as even to cause the 
water flowing into a deep-seated well on a low level, to 
rise above the surface of the ground, and thus to pro- 
duce the appearance of a true Artesian well. It is 
supposed that the principal weUs and springs of the 
chalk are supplied by fissures of this description, and 
certainly the passage of water through that material 
does not take place with sufficient rapidity to account 
for the large quantities obtainable from those wells. 
The same law appears to hold with the oolites, the new 
and the old red sandstones, and it is on this account 
that the abstract theoretical reasoning, with respect to 
the flow of water in an underground well, may be sc 

X 3 
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strangely belied by the actual results obtained. Afber 
all, well sinking is but an empirical art; and nothing 
but a practical experiment ean solve the real capabilities 
of any particular work of that description. 

216. It is necessary to observe the precautions 
before recommended in order to guard against infil- 
trations from drains or cesspools, in the case of deep- 
seated wells, just as it is necessary to observe them in 
the case of shallow ones. Moreover, as the water in 
deep wells remains for a comparatively long time in 
contact with the masonry lining, the latter must be 
carefully executed of such materials as are not likely to 
affect the quality of the water, and as far as possible it 
is desirable to ensure a rapid renewal of the fluid which 
stands in the bottom of the well, in order to. obviate 
any inconvenience arising from its stagnation. Surface 
drainage must be carefully excluded ; and it certainly 
is advisable to cover the top of the well, in order to 
protect the water from light, or atmospheric impurities. 

317. Artesian wells are those in which the water is 
obtained by means of an excavation, or a boring, car- 
ried through an impermeable surface stratum, lying 
upon a permeable water-bearing stratum ; which in its 
turn lies upon an impermeable one, and outcrops at a 
level so much above that of the surface of the ground 
near the well as to cause the water in the intermediate 
bed to flow over the said surface. Artesian wells 
form, as it were, artificial outlets for the waters con- 
tained in the lower parts of the basin, and the water 
line in them will therefore depend upon the hydrosta- 
tical pressure existing upon the water in the lower 
parts ; or in other words, upon the head produced by 
the level of the supplying ground. The conditions 
of success in an Artesian boring depend upon the per- 
fection and regularity of. the basin filled by the water* 
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bearing stratum, bo far as the mere retention of the 
water in the latter is concerned ; and upon the level of 
the streams flowing upon the surface of the water- 
bearing stratum, so far as the height of the water-line 
is concerned. In fact, the quantity of water to be 
obtained from an Artesian well must be regulated by 
the area of outcrops of the water-bearing stratum ; and 
that this quantity is far from being unlimited is proved 
by what has occurred at London, Tours, Milan, and 
elsewhere, when a great number of weUs have been 
sunk into a water-bearing stratum of small capacity. 
But there are several curious physical conditions con- 
nected with the subterranean disturbances to which all 
strata are exposed, which are able occasionally to 
falsify any theoretical reasoning with respect to the 
yield of wells of this description. Thus in the valley 
of the Loire, several successful works have been 
executed, wherein the average depth of the wells was 
about 500 feet ; whilst in one case the boring was dis- 
continued, after having been carried through the 
ordinary water-bearing stratum to a depth of 628 
feet ; and in a second case after having been carried 
to a depth of 454 feet, without meeting with a supply. 
The celebrated well of Grenelle yields about 800,000 
gallons per day, from a depth of 1802 feet, the supply 
coming from the lower green-sand, which is there 
found to be intercalated in the regular geological 
order between the gault clay, and some lower imper- 
meable stratum. But at Calais, an Artesian boring 
1150 feet deep, was carried through the chalk and the 
upper members of the subcretaceous series, and left 
off in one of the members of the carboniferous 
deposits* At Highgate something of the same kind 
ooctirred, for after passing through the gault clay the 
boring was carried into a series of clays and sand- 
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stone, which appears to belong to the new red sand- 
stone division of rocks ; and later still, at Harwich, 
the boring, after passing the gault, entered at once into 
the earlier slate rocks. At Chichester a boring of 
1054 feet in depth, was carried into the upper green- 
sand, but no water was obtained; and at Southampton 
the boring was discontinued* at a depth of 1317 feet 
from the surface (being still in the chalk) without 
having obtained a supply of water. In the cases above 
cited of Highgate, Harwich, and Calais, it would 
appear that the continuity of the water-bearing stra- 
tum has been interrupted by the projection of some 
isolated patches of an older formation, ah accident 
which it would be impossible to foresee ; and it therefore 
must always be observed, that the science of Geology 
may famish safe data for reasoning as to what we can 
not find in any particular position, whilst it by no means 
can assure the inquirer as to what he will find. 

218. It is quite as impossible to predicate the 
quantity of water to be obtained from an Artesian 
well, as it is to predicate the success of the attempt to 
find water by that means. Even under the most 
favourable circumstances these wells do not yield very 
large quantities of water ; and the Gxenelle well which, 
as was said above (s. 217), pours forth 800,000 gallons 
per day, when the pipes are clear, (for it is necessary 
to remark, that occasionally they become choked) is 
amongst the most successM operations of this kind 
upon record. But in consequence of the increase of 
temperature in proportion to the depth of a well, or 
excavation,, another serious objection arises to this 
class of wells, viz., that if the water-bearing stratum 
should descend to any great depth, the water it will 
yield will rise at an inconvenient temperature. The 
physical- laws affecting this matter, are as follows : — 
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219. The temperature of the ground is affected by 
the state of the atmosphere to a certain distance 
from the surface, where that temperature becomes 
constant; and beyond this point it increases according 
to a law susceptible of modification by local circum- 
stances. It is sidd that in Scotland the rate of 
increase of temperature, after the permanent degree 
has been attamed, is about 1° of Fahrenheit for every 
48 feet of descent. 'M. Walferdin found that the 
rate of increase at Paris was 1^ Centigrade for 30*87 
of descent, or 1^*8 Fahrenheit for every 102 feet 10 J 
inches ; and M. de Girardin found that at Bouen it 
was, in one case, about 1 '8 for every 67 feet 4 
inches, and 1°'8 for every 100 feet of descent in 
another. Some accurate experiments made at the 
well of Gtenelle showed, that the increase of tem- 
perature there was with remarkable regularity 1°'8 
foy every 106 feet of descent below the point of con- 
stant temperature, which is about 93 feet 6 inches 
from the surface of the ground at the Observatory of 
Paris, and marks a little above 53° Fahrenheit. This 
would give a minimum rate of increase, in the more 
recent secondary and tertiary districts of North 
Western Europe, of about 1° Fahr. to every 59 or 60 
feet in descent, though of course local circumstances 
may especially affect the temperature of underground 
waters. For instance, the springs which supply the 
King's bath, at Bath, rise at a temperature of 117°; 
and the wonderful spring of Orense, in Gallicia, rises 
at a temperature of not less than 180°. But even if 
no abnormal cause should be at work to raise the 
temperature of the water, the latter will necessarily be 
regulated by the relation above stated to exist between 
the distance from the surface from whence the spring 
rises, and the internal temnerature of the globe. 
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8. RIVERS AND THEIR APPLICATION TO TOWN SUPPLIES. 

220. It would thus appear that, in order to meet the 
requirements of a large agglomerated population, the 
most infallible natural source of supply is to be found 
in rivers, though there are, unquestionably, many serious 
objections to them. Thus it almost always happens that 
they receive the drainage waters from cultivated lands 
and inhabited districts ; and the-daily spreading habit of 
making their beds serve as the outfall for town sewerage 
tends seriously to increase this evil. Indeed it would 
be impossible to cite an instance in which so much 
mischief has been produced by injudicious attempts to 
enforce prematurely what would otherwise be a great 
social benefit, as the one which is to be met with in the 
systematic pollution of the rivers and water courses 
by the towns which acted under the advice and control 
of the late General Board of Health. In England, of 
late years, it is positively the fact that a body of inen wno 
were specially appointed for the purpose of protecting 
the public interests against local selfishness or local 
ignorance, have tolerated, if even many of its leading 
officers did not actually advise, that town sewerage, 
rendered more than usually offensive by the universal 
adoption of the water-closet, should be cast into the 
upper portions of the courses of rivers, resorted to by 
dwellers lower down on their banks for the water 
required for domestic purposes. 

221. In rivers which are likely to be affected by the 
tidal action^ there is another source of danger from the 
transmission of the salts contained in the sea water ; 
and it is to be observed, that in consequence of the 
minute diffusion of those salts their presence may 
occasionally be detected even in the parts of a river 
situated above the point where the mechanical action 
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of the tide ceases to influence the level of the stream. 
Thus, in some seasons the muriate of soda has been 
found to exist in perceptible quantities in the waters of 
the Thames at Kingston, even though the lock at Ted- 
dington intercepts the upward progress of the tidal wave ; 
and certainlythe water of that river opposite to Chelsea 
bears strong evidence of the influence of the sea water 
upon its chemical composition. It will, therefore, be 
necessary to draw the waters intended to be distributed 
in any large town from a river, only from those parts 
of its hydrographical basin which are above the range 
of the tide ; unless the volume of fresh water, and its 
velocity, should be such as effectually to overpower the 
tendency of the sea water to flow inland. Even in the 
latter case it will be found advisable to place the imme- 
diate source of supply upon the portions of the stream 
wherein the upland waters are able to maintain a 
counter-current to the flood tide, as they will certainly 
be fresher and purer than those of the mid-stream ; 
provided always, that no local sources of impurity should 
exist. Indeed the influence of local causes of dis- 
turbance is sufficiently great to render extreme caution 
necessary, either in rejecting or adopting a source of 
water supply from a river; and it is worthy of remark 
that the practical pathological effects of even a slightly 
brackish water are not by any means so dangerous to 
the populations constantly using them as they have 
been said to be, or as tiiey unquestionably are to 
strangers using them for the first time. Thus, the 
brackish waters of the Maas are constantly used by the 
inhabitants of Botterdam, after simply undergoing a 
mechanical filtration; and, although they have a 
decidedly marked diuretic action upon strangers, they 
do not so affect the inhabitants of the town, in ordinary 
seasons at least* It appears, in fact, that the human 
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constitution can adapt itself to many extraordinary 
circumstances ; but evidently it is not desirable to tax 
its capabilities of this description, or to use an inferior 
water instead of a better one, if the latter can, by any 
reasonable ouUay, be obtained. 

222. Even the best, and chemically purest, river 
waters are so disposed to receive, and carry forward, 
the light earths over which their contributing streams 
have flowed, especially during the rainy season^ that it 
becomes almost always necessary to adopt precautions 
for the purpose of securing the deposition, or the 
separation, of » the solid matters they may hold in sus- 
pension. In almost all cases, therefore, subsiding 
reservoirs^ or filtering beds, are essential parts of the 
works for the distribution of river waters ; and, as they 
are equally necessary when the water to be supplied is 
derived from the collection of surface drainage, the 
following remarks must be considered to apply to both 
sources of supply, although of course the applicability 
of any particular system of filtration will depend 
greatiy upon local considerations of efficiency, or 
economy. 

223. When the rivers from which the supply is to 
be derived are much charged vrith suspended matters, 
it is necessary to construct both subsiding and filtering 
reservoirs. The dimensions of the former must depend 
upon the state of mechanical division of the extraneous 
matters, and upon their specific gravities; for evidently 
the finer and lighter they are, the longer time will they 
require to separate themselves from the water. A total 
absence of current, or of agitation, is an essential con- 
dition for the efficient action of a settling reservoir; 
and in order to attain both that absence, and the perfect 
separation of the suspended matters, it appears to be 
advisable to make the reservoirs of sufficient dimen- 
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sions to hold the maximum supply to be provided for 
three days' consumption. The dimensions of the settling 
reservoirs of the New Eiver Company were larger than 
those which would have been required in accordance 
with this rule ; yet the waters leaving them were, at 
certain seasons of the year, notably impure. It appears, 
therefore, that river waters, especially when they flow 
over soluble or easily disintegrated soils, or over lands 
covered with vegetation, natural or artificial, cannot 
part with their extraneous matters by the mere deposi- 
tion which takes place within the time practically 
attainable; and certainly, in the case of the New 
Biver above referred to, the mechanical deposition 
effected in the reservoirs was not sufficient to ensure 
the absence of organic impurity which ought to charac- 
terise the water supply for a large town. In such cases 
filtration is indispensable, nor can the result of the 
experiment recently tried at the Woolwich and Plum- 
stead Works be considered to invalidate this opinion, 
or to prove that any chemical action applied in a settling 
reservoir would be capable of pm'ifying the waters to 
the necessary degree. The fact is, that the nature of 
the extraneous impurities in a water, whether taken up 
during its flow over the surface, or during its passage 
through the ground, is exposed to such strange varia- 
tions, that the mode of chemical treatment would require 
to be varied almost day by day; and, moreover, the cost 
of such a system would be enormous, if carried out on 
a large scale, and in an efficient manner. Practically, 
then, the only [mode of purifying waters, containing* 
matters in a fine state of mechanical subdivision, is to 
pass them throngh certain porous substances which 
should be able to arrest those matters. 

224. In filtration the action of the intercepting mate- 
rial may be either chemical, or purely mechanical ; but 
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the expense of carrying into effect any such chemical 
action is so great that it never can be applied to the 
large quantities of water required for a town supply. 
Hitherto no ingredient has been discovered which 
possesses the same powers for removing the organic 
impurities of a water as those of animal charcoal; but 
as it is necessary that the water to be filtered through 
it should previously have been cleared from the grosser 
particles in suspension, by being passed through a 
coarser description of filter, and that subsequently the 
water should again pass through some other filtering 
medium, in order to ensure its freedom from any 
particles of charcoal, we may safely consider that bo 
complicated a process cannot be applied otherwise 
than for personal or domestic purposes. Indeed, a 
supply taken from the more perfect mechanical filters, 
with as great rapidity as the latter can yield them, 
will in almost every case satisfy, not only the public 
demands, but also the real exigencies of the case. 

225. There are several kinds of mechanical filters, 
of which the systems adopted by Mr. Thom at Paisley, 
by the engineers of the various London water-works, 
by the engineers of the Toulouse and Nottingham 
works, and that of the use of filtering slabs whether 
natural or artificial, are the most important. Of these 
the system adopted at Toulouse and Nottingham is the 
most economical, when the bed of the river is suitable 
for its application. It consists in the formation of 
filter tunnels or drains in the sands upon the banks of 
the stream; and the water which finds its way into 
these drains becomes purified by the detention of the 
adventitious matters in the bed of the river from which* 
it is washed away by the action of the stream. If, 
however, the river should carry down much clay, these 
tunnels would become choked in a very short time ; 
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and again, if the sands should contain any salts of iron, 
lime, sulphur, or nitre, the waters will be affected by 
them. It rarely happens, indeed, that rivers flow over 
beds of pure siUcious sand ; and even when this is the 
case, the objections 'urged by Dr. Clark against the 
general application of this system are still valid. That 
gentleman noticed that near Glasgow, where many of 
these natural filters are in use, springs often rise into 
them from below, and bring in waters of a different 
quality from that of the river itself. The level of the 
tunnels being fixed, whilst that of the water varies 
according to the state of the river, the rate of filtration 
must vary also ; so that in summer, when the con- 
sumption of water would be the greatest, the yield 
would in all probability be the least. These filter 
tunnels must also be exceedingly difficult to clean on 
account of the very nature of the materials of which 
they are formed ; and their application must for the 
above reasons be con&ied to the localities which pre- 
sent the peculiar geological characteristics above shown 
to be requisite. At Nottingham, the system is said to 
answer well after many years' experience; at Toulouse 
its working has been far from satisfactory, especially in 
the case of the tunnels formed near the bed of the river, 
for in them a peculiar vegetation of aquatic plants was 
developed. At Perth a natural filter of the kind above 
described has sufficed for the supply of the town ; and 
both at Lyons and at Tours the same system has been 
adopted. When the sands and gravels of the bed are 
of a nature fitted for the formation of the drains, it 
appears that the yield of water ranges between 300 
and 400 gallons per foot superficial per working day of 
twenty-four hours. 

326. The filter described by Mr. Thom as having 
been executed by himself at Paisley, appears to possess 
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some theoretical advantages over those offered by the 
other methods of artificial filtration; inasmuch as, 
from the fact that the last stratum of the filtering 
medium traversed is composed of a mixture of sand 
and charcoal, the effect it produces must be to a certain 
extent chemical as well as mechanical. This system 
may be described as follows, nearly in the words of 
Mr. Thom : ^' The site of the filters is on a level piece 
of ground excavated to the depth of from 6 to 8 feet, 
with impermeable retaining walls and bottom. The 
whole of the surface of the latter is then divided into 
drains 1 foot wide by 5 inches deep, by means of fire 
bricks laid on edge and covered with flat tiles, perfo- 
rated with numerous small holes like those used in the 
floors of malt-kilns. These tiles are covered to the 
depth of 1 inch with clean gravel, about -^ of an inch 
in diameter ; and upon this five other layers of gravel 
each of the same depth, but gradually diminishing in 
its dimensions imtil the last layer almost assumes the 
character of coarse sand, are laid. Over the gravel 
very clean,, sharp, fine sand, 2 feet deep, is placed ; and 
about 6 or 8 inches in thickness of this sand, near the 
top, is mixed with animal charcoal." Mr. Thom has 
latterly tried to substitute the poimded amygdaloidal 
rocks which occur in the neighbourhood of Paisley, for 
the charcoal, and it is said with considerable success, for 
the amygdaloids are stated to be capable of removing 
firom the waters traces of peat in a manner nearly as 
effectual as if charcoal had been used. The explana- 
tion of this action is to be found in the affinity between 
the silicate of alumina and the vegetable and animal 
matters in combination with the water, which has been 
shown by Professor Way to be of a very powerful 
nature ; but no experiments of a trustworthy nature 
upon th« application of these chemically acting filtering 
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ingredients have yet been tried, upon a large scale at 
least ; and certainly the difSiculties which have been 
encountered in the attempts to remove the peat stains 
from the Eivington Pike waters of Liverpool ought to 
inspire some doubt with respect to the confident asser- 
tions of the propounders of theories upon the disinfect- 
ing powers of the amygdaloids or of the clays. 

327. The system generally adopted by English en- 
gineers for town filtration comprehends the formation 
of settling reservoirs as almost indispensable adjuncts ; 
but evidently the necessity for such works must depend 
upon the character of the river itself from which the 
water is derived. In the case of the Kent Water-works 
Company's establishment the settling reservoirs have 
been executed upon perhaps the largest scale of any of 
those around London; and this peculiarity may be 
accounted for by the fact that the Bavensboume, from 
which the supply is taken, flowing as it does over a 
light and easily moved soil, is frequently charged with 
a large proportion of extraneous matters. The area of 
the settling reservoirs of this Company is about 4^ 
acres, whilst that of the filter beds themselves is about 
3 acres ; and the maximum rate of filtration is about 
3,000,000 gallons per acre per day. Theoretically, and 
in districts of this character, the size of the subsiding 
reservoirs should be such as to allow of their holding 
a supply equal to four days' consumption ; and, as a 
general rule, their depth is made about 13 or 14 feet. 
In the execution of these reservoirs precautions must 
be taken to prevent any injurious action upon the 
water ; and the practice of the London engineers of 
forming the exposed slope of good gravel may be 
quoted as a very reasonable one. The filter beds 
should be placed as near to the settling reservoirs as 
possible, and the details of the most satisfactory works 
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of this description may be described as follows, nearly 
in the words of Mr. Quick : " The filtering materials 
consist usually of a layer of coarse gravel about 1 foot 
deep, in which are placed glazed stoneware drains; 
this is covered with a stratum of rough screened gravel 
about 9 inches deep ; then with a stratum of finer 
gravel 6 inches deep ; then with a stratum of still finer 
gravel 9 inches deep ; over these strata of gravel a 
series of beds of sand gradually finer and finer in its 
texture are placed, having a total thickness of about 

3 feet 6 inches ; thus making the total depth of the 
filtering materials between 6 and 7 feet." The filters 
of the Lambeth, Chelsea, Southwark, and West Mid- 
dlesex Companies are formed in this manner, and they 
are usually worked with a small head of water; but 
occasionally, as at the Kent water-works, the thick- 
ness of the filtering materids is reduced to as little as 

4 feet 6 inches, whilst the working head of water is 
made 4 feet, instead of 2 feet as usual. Practical en- 
gineers differ in their opinions as to the merits of the 
respective systems ; but the experiments of M. Darcy 
prove that for filtering materials of the same nature, 
the rapidity with which the water passes will be propor- 
tional to the head of water producing pressure, and 
that therefore there is a greater chance of effective 
filtration when the depth of the sand, &c. is increased. 
Moreover, as waters tend to purify themselves by the 
oxidation which takes place when they are exposed 
over large surfaces of small depths, their quality must 
likewise be more likely to be improved when the head 
upon the filter is small. The degree of purity of the 
water under consideration will, however, modify any 
abstract reasoning upon this subject. 

228. At Southampton a very awkward attempt has 
been made to apply a system of mechanical filtration, 
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which, if it had been properly executed, might advan- 
tageously have replaced the more costly and more 
roomy systems usually adopted. It consisted in the use 
of — 1, a layer of Ransome's artificial filtering slabs on 
which were placed, 2, a layer of gravel, and, 3, a layer 
of sand; the water x>^sing through these materials 
per ascensmn. This arrangement was precisely the 
reverse of the one which should have existed, because 
not only was it absurd to make the foulest water pass 
at once through the filteriog medium the most difficult 
to clean, but it was a mistake to leave the filtered water 
exposed in the manner here adopted. It must always 
be borne in mind that a filtering medium becomes 
choked with a rapidity greater in the exact proportion 
of its power of retaining mechanical impurities ; and 
that, therefore, the surface most exposed to those im- 
purities must be easily visited and cleaned. Had the 
water at Southampton passed through the sand and 
gravel before passing through the filter slabs, and had 
it been withdrawn from beneath the latter, instead of 
being allowed to stand over them, there can be no 
doubt but that the quality of the waters would have 
been improved, and that the working of the filters 
would have been less exposed to danger. The prac- 
tical result of the experiment at Southampton has been, 
however, to prove that with a working head of 4 feet, 
the Ransome's slabs, covered with 9 inches of sand, and 
9 inches of gravel gradually increasing in coarseness, 
are able to yield as much as 100 gallons per foot super- 
ficial per day. The yield of the ordinary London filters 
varies between 40 and 50 gallons per foot superficial 
per day ; so that the Ransome*s filters would produce an 
economy not only of depth, but of area, of excavation. 
229. Of late years theire has been a tendency on th« 
part of the engineers connected with English Water 
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works Companies to suppress the storeage reservoirs 
into which filtered waters were passed, and to trust 
entirely to the powers of machinery to meet the vary- 
ing demands of a town consumption. Thus, the 
Kent Water-works and the East London Water-works 
Companies have materially diminished their storeage 
capacity. The majority of the London Companies, 
however, have recently incurred very serious outlay in 
the construction of tiiese buildings; and by recent 
parliamentary enactments it has been provided that 
they shall be covered. A great deal of skill has been 
displayed in the manner in which the various Com- 
panies have solved the problem thus set before them; 
but really no great advance has been made upon the 
systems adopted by the Roman or Byzantine engineers, 
allowing of course for the differences between the an- 
cient and the modem modes of distribution, and for 
the different states of the metallurgic arts in the ancient 
and modem worlds. The Eeservoirs at Puteoli and 
at Constantinople, represented in Plates 1 and 2, may 
indeed fairly be considered to havQ served as models 
for the New River, or the Plumstead, reservoirs ; and 
the only miaterial difference to be found between the 
Roman and the English structures is the one con- 
nected with the depth of water. Li fact, the ancient 
engineers used their reservoirs as stores, and therefore 
great depth was required to ensure their cubical capa- 
city; the modem English engineers rarely use their 
reservoirs for any other purpose than to compensate 
for the irregularity in the action of their pumping ma- 
chinery, or to guard against any temporary accidents ; 
and as they usually make the supply mains commu- 
nicate with the reservoirs, it is essential that the head 
of water in the latter should only vary within a very 
limited range. A depth of water of about 14 feet 
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above the outlet ig considered to be the maximum 
which it is advisable to adopt, especially when what is 
called the constant service is used. Local considera- 
tions of economy must regulate the choice of the mate- 
rials to be employed ; but it is essential, under any 
circumstances, that no materials should be admitted 
which *would be likely to produce any chemical action 
upon the waters exposed to them. Thus at Paris, 
' fiome small reservoirs have been entirely formed in 
hydraulic Ume concrete, but if the waters to be kept 
in such structures should themselves contain an excess 
of carbonic acid, they would take up so much lime as to 
materially increase in hardness. It is for this reason that 
the sandstones, the hard-burnt bricks, and the argillo- 
calcareous cements are almost exclusivelyusedin the 
construction of reservoirs ; and it would even appear 
that there are objections to covering such structures 
with wooden roo&. The essential conditions to be 
observed in the formation of reservoirs, especially near 
towns, are in fact, that the temperature and the me- 
chanical and chemical purity of the water should not 
be liable to be affected by accidental or adventitious 
circumstances; and therefore the materials of which 
they are formed must be insoluble and non-conducting. 
Open reservoirs are usually formed in country districts 
of England, at the rate of about £600 per million 
gallons stored ; but the cost of the covered reservoir 
erected lately at Croydon, under the supervision of 
the officers of the late General Board of Health, was 
not less than £4000 per million gallons. 

280. It may be necessary here to state that, in many 
cases where the water for a town supply is pumped 
directly into the distributing mains^ a stiorage reservoir 
is still formed to receive the excess of water beyond 
that which is drawn off for household purposes. These 

L 2 
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reservoirs become, in fact, regulating reservoirs; for 
their use is to store a sufficient supply for the period 
when the engines are not at work, and to provide 
against any minor accidents. The principal danger 
attending liiis system of direct pumping, arises from 
the frequent hydraulic shocks to which the mains must 
be exposed, from the opening and shutting of the 
house services ; but this danger may be obviated to a 
great extent by laying secondary mains, called riders, 
near the leading ones, and by connecting the house 
services with the riders. Especial precautions must 
be taken to ensure the regularity of the flow of the 
water as it leaves the air-vessel of the pumping engine. 
In spite of all such precautions, however, the flow of 
the water in the upper portions of the mains must 
always be exposed to fluctuations of a very irregular 
nature; especially when the pipes are always under 
charge, and the consumption takes place directly from 
them, on what is called the constant delivery system. 
In some of the London Water Works, and at Ham* 
burgh, Amsterdam, &c., stand pipes have been used 
for the purpose of regulating tlie flow of the water 
pumped into the mains without the intervention of 
service reservoirs ; but this course is certainly objec- 
tionable, on the score that when it is adopted all the 
water must be raised to the maximum height; whereas, 
when the water flows past the riders to the regulating 
reservoirs, the pressure upon the mains is partially 
relieved by the house consumption. The use of stand 
pipes is, indeed, rapidly being abandoned ; though un- 
questionably there are positions in which it would be 
more economical to erect them than to form elevated 
storage reservoirs. 

231. When it is decided that storage reservoirs 
shall be formed, their dimensions must be regulated^ 
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firBtly by the amount of the local consumption, a^d 
secondly by the nature and power of the steam or 
other machinery employed. If this machinery should 
be liable to interruptions in its action, or if the source 
of supply should itself be exposed to irregularities (as 
in the case of a tidal river, or of one in which freshets 
occur), it is necessary to make the reservoir of a capacity 
sufficient to ensure the delivery of water during the 
periods of interruption. Should the configuration 
of the country be favourable to the construction of 
these structures^ they may be made so as to hold about 
three days' supply, in climates like those of the south 
of England. But from the necessarily expensive 
nature of these works, it is rarely that they can be 
executed of these dimensions, and in the greatest 
number of cases it will be found sufficient to make the 
reservoir of adequate capacity to supply the consump- 
tion of water during the hours that the engine may 
not be at work, or to enable it to raise the water by an 
equable effort during the working hours. For this 
purpose a storage reservoir, able to hold about one 
quarter of a maximum day*s consumption, will be all 
that is usually required. It will, however, be neces- 
sary to provide duplicate engines, or at least to have a 
sufficient number of duplicate parts in constant readi* 
ness, in order to be able to repair any accident at the 
slightest notice, when the dimensions of the storage 
reservoir are confined within the above-cited limits. 
It is true that the supply will, to a certain extent, be 
liable to be interrupted; but, on the other hand, 
reservoirs of dimensions so ascertained, could be 
covered easily and economically. 

282. In some French water works, as at Toulouse, 
and the old establishment of the Pont Bouge near 
H&vre, the water is raised into a tank placed imme- 
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diately over the engine ; the tank thns serving, in 
fact, as the upper portion of a stand pipe, or as an air 
vessel, to discharge any air raised with the water, and 
at the same time as a distributing reservoir. Over 
a water-wheel, such as the wheel at Toulouse, this 
arrangement may present some advantages, provided, 
of course, that the machinery itself be not of a 
nature exposed to accidents, or to require frequent 
repairs. But unless such a tank can be made of con* 
siderable dimensions^ or unless it be large enough to 
allow of its acting as a regulating reservoir, it must be 
evident that the mains could only be charged so long 
as the machinery is working. 

233. The following additional practical observations 
may be made with respect to the execution of service 
reservoirs, of whatsoever description they may be. 
The positions of the inlet and of the outlet pipes must 
be arranged in such wise as to ensure a constant flow 
through the body of the water in the reservoir ; and 
precautions must be taken to keep back any impurities 
which might accidentally be introduced, by either 
forming depositing wells under the inlet pipes, or by 
placing gratings, or strainers, over the heads of the 
outlet pipes. A valve pipe must be formed, and if 
possible, it would be desirable that both the inlet and 
outlet pipes should pass through it, in order to secure 
greateif facilities for the examination and repairs of the 
valves. Overflow pipes, waste wears, or other pro- 
visions must be made to regulate the height of the 
water; scouring or cleansing pits must be formed, 
and they must have discharge pipes placed at such 
points as to allow the whole of the water to be drawn 
off if required ; and means of access to the bottom of 
the reservoir must also be provided. It is essential 
that the outlet pipe should be placed at such a level as 
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to retain a certain depth of water over the bottom, 
excepting when the scouring pits and their outlets are 
used. The object of this arrangement is to secure a 
more effectual deposition of the mechanical impurities 
of the waters. 

CONDUIT OR SUPPLY MAIN. 

234. In most cases the water for a town supply has 
to be led from a considerable distance to the place of 
distribution, and as this operation may be, and often is, 
effected after filtration, it has been tiiought advisable 
to discuss the mode of effecting the latter process 
previously to the examination of the methods usually 
adopted for the execution of the main conduit. These 
methods are naturally dependent upon the character 
of the country over which the water has to be carried, 
and also to some extent upon the nature of the building 
materials at command. They may, however, be very 
convenientiy considered to be ranged underthe following 
general heads, viz. : open cuts in earthwork, masonry 
aqueducts, and pipe conduits, whether of metal, stone, 
or earthenware. 

235. Open cuts are objectionable when the water has 
already been filtered near the source of supply, because 
there is a probability that the water may contract 
atmospheric impurities, or at least be affected by the 
temperature of the air. In the neighbourhood of large 
towns the former inconvenience frequentiy becomes of 
serious importance ; so much so, that in most countries 
the branches of the administration charged with the 
protection of the public health have invariably insisted 
that the water channels should be covered. In the pre- 
vious portions of this work the various formuke adopted 
for ascertaining the conditions of flow in open cuts 
have been alluded to (vol. i* §§ 40 to 46) ; but perhaps 
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it may save trouble to state here that the engineers of 
the irrigation department of the Madras Besidency, 
who have certainly had opportunities of applying the 
theoretical reasoning of European hydraulicians on a 
very large scale, have adopted as the basis of their 
tables for calculating the velocity and discharge of cuts, 
or canals, the formula derived from IBuat and Neville, 

88-51(4- -03) ^,, , ^„, 

in which v = the velocity of feet per second; r = the 
hydraulic mean depth ; I == the length of the cut, and 
« the total fall, so that (r)J— %i>- log (7 4- 1*6) gives 
the ratio of the slope, or inclination of the channel. 
Captain Stoddard has drawn up an elaborate set of 
tables based upon this formula, which might very 
advantageously be reproduced in England, as they are 
rather more easily applied than the elaborate calculation 
contained in Mr. Neville's Hydraulic Tables (Weale, 
Lond. 1853), The last-named work must, however, be 
consulted by those who are desirous of studying 
thoroughly the important subject upon which it treats. 
Mr. Beardmore, in his Practical Tables, however, 
gives a simple and very easily applied rule for ascer- 
taining the velocities and discharges of arterial drains, 
i5ut8, &c., and has given the results when the slopes are 
m&de, as they usually are, in earthwork channels of 
a base to 1 rise. His rule is, " to multiply the 
hydraulic mean depth in feet (which is ascertained by 
dividing the border into the area), by twice the fall in 
feet per mile ; take the square root of the product and 
multiply it by 55 ; the result is the mean velocity of 
the stream in feet per minute ; this again multiplied 
by the sectional area in square feet, gives the discharge 
in cubic feet per minute." 
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236. In consequence partly of the difficulty of pro- 
tecting the water from contamination in open cuts» 
and partly from the tendency of the stream to wash 
away the banks, it is usual to lead water for town 
supplies in masonry channels. The Bomans, whose 
practice in this respect may still be advantageously 
studied by the modems, seem to have established as 
a rule that, wherever it was possible so to do, the top 
of the masonry vault should be kept at least 2 feet 
below the ground : in order, no doubt, to prevent any 
injurious action through the changes of atmospheric 
temperature ; and even when the aqueduct was 
raised above the level of the country, it was still 
covered with 2| feet in thickness of earth. So long as 
the water is maintained in motion, this protection 
seems to be sufficient in the majority of instances, 
of Western Europe at least ; but in the recently con- 
structed aqueduct of the Croton Water Works, the 
depth of the protecting coat has been made 4 feet. 
It is, however, to be observed, that the dimensions 
of masonry channels are afltected by many consider- 
ations which render the application of strictly logical 
rules to them almost impossible. For, in the first 
place, they must be made of sufficient size to allow 
the passage of the workmen employed to examine 
and clean them ; in the second place, the nature of 
the formations traversed, and of the building materials 
employed, must at times, render necessary corre- 
sponding precautions, or modifications from any ori- 
ginal type. As a general rule, the width of subter- 
raneous aqueducts is made about 3 feet 6 inches, 
with a height, from floor to underside of key, of 7 
feet: but these limits must vary according to the 
quantity of water to be conveyed. If the founda- 
tions should be naturally good, it is not necessary to 
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make the masonry of the floor more than from 13 
to 14 inches in thickness; the side walls should 
be from 1 foot 10 inches, to 2 feet 3 inches thick ; 
and the arched covering 14 inches thick at the key» 
if the superincumbent weight should not require a 
greater thickness. In the case of the Groton aque- 
ducty the thickness of the solid masonry which 
supports the conduit over valleys, is made somewhat 
greater than that of the aqueduct itself imme* 
diately below the floor-line, and a slight batter is 
given on both sides. The American engineers, in 
fact, seem to have used solid masonry foimdations 
for their conduit, rather than earthwork embank- 
ments ; nor did they begin to arch their substructure 
till its height became at least 20 or 30 feet, mea* 
suring from the valley to the top water-line. Like the 
Bomans, the engineers of New York formed, more- 
over, a series of wells on the line of their conduit, 
to allow the deposition of extraneous matters which 
might find their way into the stream : and visiting 
shafts and air funnels were also placed from distance 
to distance upon the line of its axis. 

237. Masonry conduits, such as are above described, 
have no doubt some advantages over pipes, amongst 
which may especially be cited the fact, that the earthy 
salts contained in the water, and which are sure to 
be deposited in course of time, are not so likely to 
produce injurious effects upon the conduits as they 
would do upon the pipes. The precipitation of the 
salts takes place, in fact, in the open air, and at an 
earlier period of the flow ; and it must evidently be 
more easy to cleanse and repair such conduits, 
than it can be to perform the same operation upon 
pipes buried in the ground. On the other hand, it 
is evident that the construction of small masonry 
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conduits is, generally speaking, more costly than 
woold be the use of metal pipes large enough to dis- 
charge the same volume of water ; so that eventually 
the choice of the particular mode of conduit must 
depend almost exclusively upon local considerations ; 
for motives of economy may often outweigh those 
derived from the theoretical advantage above cited. 
As an illustration of the extent to which the deposi- 
tion of the earthy salts may 
I interfere with and contract the 
eflScient area of a water-course, 
the accompanying sketch of 
the transverse section of the 
conduit upon the celebrated 
aqueduct of the Pont du Gard, 
is added. The portion shaded 
of a darker colour, round the 
water-course represents the 
deposit of calcareous matter 
which has gradually accumu- 
lated through the precipitation of the salts contained 
in the water, although great pains had been taken 
originally to ensure its purity. It was, indeed, the 
dread of the deposit from the waters of the Durance, 
which induced M. de Montricher to adopt the mode of 
conducting them to Marseille, which he finally did ; 
and he was induced by the same motive to construct 
that splendid folly the aqueduct of Eoquefavour. At 
the Liverpool Water-works Mr. Hawksley adopted the 
less showy system of subterranean pipes, which, it 
may be added, is usually followed by EngUsh engi- 
neers; for, working as they almost always do for 
commercial companies, they are not often allowed to 
indulge the fancy for erecting comparatively useless 
monuments. 
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238. In the case of the Bomans^ the choice of the 
modes of leading water from a distant source was far 
more limited than it is in that of modem engineers, 
from the fact of the inferior state of the metallargic 
arts in the ancient world, compared with their state 
in modem times ; and even on the score of economy 
they were justified in erecting bridge aqueducts, which 
would, at the present day, expose their designers to 
severe criticism. In fact, the most serious difficulties 
which are likely to be encountered in the construction 
of conduits, are those arising from the occurrence 
of hills, or of deep valleys, in the line they ought to 
follow. The former, if of considerable elevation, will 
require to be traversed in tunnel ; the latter may be 
passed by bridge aqueducts, or by reversed siphons, in 
which the water descends from one reservoir through 
a pipe on one side, to remount to a second reservoir, 
through the continuation of the pipe, on the other, at 
a somewhat lower level; from this second reservoir 
the conduit may be continued as before. As a general 
rule, the Romans effected the passage of such valleys 
by bridges, and the stractures of this description 
which they have left behind them, are amongst the 
most strikingly beautiful relics of ancient art. Many 
of these monuments are of such colossal dimensions, 
and such singular elegance, that it would be unjust 
to mention them subsidiarily; and the reader is, 
therefore, referred to the list of authors, who have 
treated of this special subject, which will be found in 
the Appendix, if he should desire to obtain further 
information on this branch of the subject. On the 
preceding page, however, an elevation and section of 
the celebrated Pont du Gard Aqueduct, is given in 
connection with the great Solani Aqueduct on the 
Ganges canal, erected by the engineers of the late 
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East India Company, and with the Boquefavour 
Aqueduct. These works are represented on the same 
scale, so that it will be easy to draw a comparison 
between their relative proportions; but it may here 
suffice to direct attention to the fact, that the modem 
work which is comparatively speaking, so little known, 
has an area of water-way, not less than eighty times 
that of the celebrated Boman example. The Boque- 
favour and the Groton Aqueducts are, it may be 
added, the most striking works of this description 
executed of late years. 

289. The practice of the Boman engineers in the 
construction of lofly aqueducts differed somewhat from 
that of modem engineers, in this respect, that the 
former resorted to several tiers of arches in cases 
where the latter would only use one tier. In countries 
exposed to volcanic action, the former system would 
appear to be preferable ; but really the determining 
motive in such cases ought to be the economy of con- 
struction, which will be affected by so many local 
considerations that it would be dangerous to lay down 
any invariable rules on the subject. But whenever 
from motives of economy, or on account of the qualities 
of the water, it may be determined to erect masonry 
aqueducts of several tiers of arches, the proportions 
which ought to be observed between their different 
parts would appear to be that the height of the first 
tier should be equal to 2^ times the opening of the 
arches ; the second tier should be made ^ less than 
the height of the first, and the third tier 4 less than 
the height of the second. In the construction of the 
celebrated aqueduct of Caserta, Yanvitelli neglected 
this fiesthetical law, and he made the upper tier loftier 
than either of the lower ranges of arches, thus entirely 
destroying the artistic beauty of the work. But it is 
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hardly likely that, after the execution of the great 
siphon aqueducts of Liverpool and Glasgow, lofty struc- 
tures of this description should be again erected ; for 
the successful manner in which the immense reversed 
siphons upon the lines of water supply of those towns 
have been laid, appears to prove that there is no longer 
any excuse for incurring the outlay which must attend 
the erection of monumental structures such as were 
necessary in the times of the ancient Romans. 

240. The Turkish engineers introduced into their 
European dominions a peculiar system of interrupted 
reversed siphons, if such an expression may be allowed, 
which it may be worth while to refer to here, on 
account at least of the light it throws upon the history 
of the development of hydraulic science. They were, 
it is supposed, induced to adopt this peculiar system 
for the purpose of saving, primarily, the outlay neces- 
sary for the construction of masonry bridges; and, 
secondarily, of diminishing the chances of rupture in 
the earthenware pipes of which the siphons were 
formed. The name for the system is " souterazici ;" 
and it consists of earthen pipes, deriving their supply 
from an upper reservoir, thence descending a hill side, 
running along part of a valley, and mounting into 
an intermediate reservoir, supported upon piers of 
masonry, at a rather lower level than the first reservoir. 
From this second source of supply pipes were conducted 
down the opposite side of the pier, again along the 
valley, and successively into a third, or more, reser- 
voirs, at gradually decreasing elevations, and so on to 
the opposite side of the valley. Evidently this was a 
very rude method of meeting the immediate difficulties 
of the case, and the loss of head upon the pipes, in 
consequence of the numerous bends, must have been 
considerable ; but there was much ingenuity iji the idea. 
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and perhaps it may be considered to indicate a better 
acquaintance with the laws of hydraulics than we are 
accustomed to attribute to the nation amongst whom 
the system arose. There is a large work of this 
description erected upon the ruins of one of the great 
bridge aqueducts of the neighbourhood of Constanti- 
nople, which had been destroyed during one of the 
numerous sieges of that town. Perhaps the best 
description of the Souterazici is to be found in General 
Andreossy's work upon "Constantinople pendant les 
ann^es 1812-26;" or in Geniey's "Essai sur les 
moyens de conduire et d'^l^ver les eaux ;" to which the 
reader is referred for further details. 

241. As was said above, the use of large metal pipes 
or mains, for the purpose of conveying water from the 
source of supply to the point of distribution, has of late 
years entirely superseded the necessity for the erection 
of aqueducts, excepting in the cases when the waters 
to be delivered are so highly charged with earthy salts 
as to render it dangerous to use pipes. The laws 
which affect the flow of the water in such mains have 
been partially discussed (in vol. i. §§ 36, 37, 39), and 
they will be examined more in detail hereafter, in the 
portion of this chapter wherein the ordinary modes of 
house supply are described. For the present it may 
suffice to say, that the material usually employed for 
this purpose is cast iron; and mains of] 42 inches 
in diameter have been made of this metal. Very 
great precautions must be observed in laying pipes of 
such enormous diameter, and in regulating the pressure 
at intermediate points of their length ; whilst it is also 
necessary to provide self-acting valves, or hand-valves, 
easily closed, in order to obviate as far as possible 
the chances of a rupture in the mains. Upon the 
Liverpool Water Works, supplied by the great Bivington 
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Pike reservoirs, Mr. Hawkesley introduced some very 
skilfttUy devised machinery of this description ; and 
in the Minutes of the Institution of Civil Engineers 
for 1859, will be found a tolerably clear account of the 
valves and pressure regulators used upon the Melbourne 
Gravitation Water Works. It is important[also to observe 
that the pipes leading from a distant source of supply 
to a distributing reservoir, must be placed (in fact, like 
all those required for a town distribution,) at such a 
depth from the surface, as to ensure their being 
beyond the limits of the effects of atmospheric varia- 
tions of temperature. In England, a depth of four 
feet is sufficient for this purpose ; but both in extreme 
northern and southern latitudes, it is necessary to 
descend considerably lower. In some portions of the 
distance between the ends of the mains it may likewise 
be advisable to insert double lines of pipes, and to 
make occasional connections between the two, in order 
that, in case of repairs to either of them, the flow may 
be maintained through the other. 

242. As it is often necessary, in the course of 
executing the works required, either for an open 
masoxury or a close pipe track, to pass certain moun- 
tain spurs in tunnel, it may be advisable to observe 
that the dimensions and form to be given to such 
tunnels must necessarily be regulated (so far as their 
minima are concerned) by the practical consideration 
that the workmen must be able to use freely the various 
implements of their trade, and to push to the extraction 
pits the materials disengaged during their operations. 
The nature of the rock traversed will also affect the 
sectional area of the excavation ; for if it be of a nature 
to render lining upon the top and sides indispensable, 
as well as for the water channel itself, the dimensions 
of the cross section must evidently be increased. A 
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miner can work with tolerable efficiency in a heading 
of the size represented in the margin ; but it must be 
considered as the minimum in all cases, because the 
constrained position the workman 
would be obliged to assume in it 
would prevent his employing the 
whole of his useful power, and if 
the dimensions of the heading were 
made less than those indicated, the 
workman would hardly be able to 
move forward without even any im- 
pediment. It is also important that 
the tunnel should be made sufficiently large to allow of 
its being easily visited and repaired. A very good 
example of a tunnel for receiving a conduit is oflfered in 
the Aqueduc de Ceinture of Paris, represented in figs. 
1 and 2 ; for the dimensions adopted have been very 




Fig. No. 1. 



Fig. No. 2. 




carefully calculated, in order to ensure the greatest 
efficiency, at the same time that they are as nearly as 
possible in accordance with the laws of economy. The 
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Aqueduc de Ceinture runs round the northern part of 
Paris, and from it all the mains for the supply of that 
portion of the town derive their suppl3% It is ahout 
1^^ of a mile in length, and has a total fall of only 
4 inches, so that the flow of the water takes place 
simply in consequence of the difference of level caused 
by the withdrawal of the water through the various 
pipes branching from it. The section of the larger 
tunnel has naturally, under these circumstances, been 
made larger than is absolutely necessary for the mere 
purposes of easy execution and repair ; but the small 
tunnel is as near to the dimensions theoretically 
required for those purposes as possible. This smaller 
tunnel was executed upon the embranchment of the 
Aqueduc de Ceinture, formed for the purpose of sup- 
plying the Quartkr St. Laurent. 

PUMPING MACHINERY. 

248. The various discussions of the previous part of 
this section have been made upon the supposition that 
the water is obtainable in such positions as to allow of 
its flowing by its own gravity to the place of distri- 
bution; but as it often happens that the source of 
supply is situated at a lower level than that place, it 
becomes under such circumstances necessary to employ 
some mechanical agent to raise the water. For the 
purposes of a town supply, the choice of the peculiar 
agent is practically limited to either steam or water 
power, according to the local circumstances of the town 
under consideration; and in both cases the motive 
power must be applied to pumps, because they alone 
of the various descriptions of intermediate machinery 
can force the water to the height and to the distance it 
is generally required to overcome in these cases. 

244, Evidently it would be preferable to adopt watey 
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power, wherever it exists naturally of sufficient extent, 
and of a sufficiently permanent character, because it costs 
very little for the daily working, or in fact hardly any- 
thing beyond the first outlay for the machinery and for 
the ordinary repairs. Steam power, on the other hand, 
requires a constant outlay for coals, and also gives rise 
to a more continuous and expensive outlay for repairs, 
maintenance, and attendance. But it rarely happens 
that such a water power is to be met with in the 
neighbourhood of large towns ; and in the majority of 
cases even wherein it exists, it is found tiiat the 
streams creating the motive power are so exposed to 
interruptions in their flow, from ice, floods, or droughts, 
that they can seldom be used for the purposes of effect* 
ing a service in which regularity of action is a matter 
of such serious importance. The determining motives 
for the choice must then depend upon the cost of the 
maintenance of steam power, and the interruptions to 
which the water power may be exposed, supposing it to 
exist. If these interruptions should not be of serious 
duration, they may be obviated by the construction of 
service reservoirs at the summit level of the distri- 
bution ; but, of course, the expense of the construction 
and maintenance of these reservoirs must be taken 
into account in the comparative estimates. The pro- 
blem to be solved in all such cases is, in fact, how to 
raise within a given time the greatest quantity of water 
which may be required, at the least possible expense, 
not only for the moment, but eventually. 

245. In estimating the power to be provided, it is 
necessary to take into account the weight to be raised; 
the height, or dead lift, to be overcome ; and the various 
causes of retardation of flow in the pumping main, 
arising either firom the friction of the water upon the 
sides of the pipes, or from any change in their direction. 
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whether in a horizontal or a vertical direction. These 
last-named causes of diminished power will be dis- 
cussed hereafter ; but practically they are considered to 
be met by allowing for an extra dead lift of 12 feet per 
mile of the conducting pipes between the engine and the 
reservoir, unless any very extraordinary vertical bends 
should occur. For instance^ let it be supposed that 
1000 gallons per minute are required to be raised to 
a nett height of 120 feet above the lowest clack of the 
pumps, or the water-line in the well, and to be dis- 
charged at the distance of 2^ miles. Then, as a gallon 
weighs 10 lb. avoirdupois, the calculation would become 
in round numbers, 10,000 x (120 4- 30)= 1,600,000, the 
moment of resistance. Now, as a horse-power is 
considered to be equal to 38,000 lb. raised 1 foot 
high per minute, theoretically the power should be 
1,500,000 H- 33,000 = 46-46 horse-power. But a steam- 
engine rarely works up to the nominal power, and a 
water-wheel falls short, even to a greater extent, of 
producing the effect calculated upon ; so that in cases 
where the former is to be used, it becomes necessary to 
affect the theoretical result by a co-efficient of 0*86 ; 
and where the latter is used, by a co-efficient of 0*76, 
for the most perfect description even of water-wheel, 
and during the period of its being in perfect working 
condition. In order, therefore, to perform the duty 
above specified, it would be necessary to provide a 
steam-engine of about 63*5 horse-power; or a water- 
wheel of about 60*7 horse-power, nominal. 

246. The towns of Philadelphia and lUchmond, in 
the United States, and of Toulouse, in France, are, 
amongst others, supplied by means of water-wheels, all 
under-shot. Of these, the wheels at the Fairmount 
Water Works, Philadelphia, are the most remarkable, 
on account of the volume of water they are designed 
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to lift. This wa& not less than 10,000,000 gallons per 
day, with a dead lift of 92 feet, and discharging the 
water through cast-iron mains 16 inches diameter. The 
works were originally executed in 1822, and even at 
the present day it would appear that they are able to 
perform a working average of not less than 8,379,229 
gallons delivered into the reservoirs. There are eight 
breast-wheels, 15 and 18 feet in diameter, with 15 feet 
length of bucket, and one Jouval turbine 7 feet diameter, 
giving motion to 9 double-action pumps having cylinders 
16 inches in diameter, and a length of stroke of 5 feet; 
but the turbine and its pump are not yet in working 
order : the fall of water is 7i feet, and the wheels make 

13 revolutions per minute. At Richmond, there were 
two wheels 18 feet diameter, 10 feet on the face, 
with a 10 feet fall, working two pumps and raising 
800,000 per day into reservoirs situated at 160 feet 
above the low-water line. At Toulouse, the wheels are 

14 feet 5 inches diameter, 5 feet on the face, with a 
fall of 7 feet 6 inches ; they are two in number, and 
raise about 896,000 gallons per day to a height of 67 feet 
above the water in the well. 

247. The description of water-wheel to be employed 
must, of course, depend upon the conditions of the flow 
of water in the river producing the motive power ; it 
may be under-shot, over-shot, or breast, according to 
the height of the fall, or the volume flowing through 
the sluices. Of the under-shot wheels, those con- 
structed upon Poncelet's system with curved floats and 
working in a close concentric race, or channel, are the 
most economical, and yield the greatest effective power. 
With a fall of 5 feet, or under, they produce a d3mamical 
action equal to .0'75 of the theoretical power employed ; 
with greater falls this co-efficient descends to 0*60 ; 
but in the case of under-shot wheels with straight floats 



PUMPING MACHINERY. 221 

the effective dynamical power rarely attains even 
the latter co-efficient, and they have, moreover, the 
serious inconvenience of being exposed to be ren- 
dered unserviceable with a much smaller amount of 
back-water than is able to stop the working of a 
Poncelet wheel. 

248. Over-shot wheels produce a useful d)mamical 
effect, which is sometimes as much as 0*80 of the power 
actually exerted upon them ; but under the ordinary 
conditions of working, and with a velocity of the 
periphery of about 3 feet 6 inches, or 7 feet per second, 
the useful dynamical effect is only equal to from 0*75 
to 0*70 of the power. This description of wheels 
requires that the supply of water should be uniform, 
and that directly the water has left the wheel it should 
flow away freely. At times these conditions can only 
be obtained with difficulty, and under such circum- 
stances the breast-wheel is resorted to ; because it can 
work under greater variations in the supply, and with 
a greater amount of backwater during times of flood 
than are admissible with over-shot wheels. If the 
breast-wheels be constructed with the best modern 
improvements, they will be able to' produce a useful 
dynamical effect, which may safely be calculated at 
0*75 of the power employed. 

249. As was before mentioned, turbines have occa- 
sionally been employed for the purpose of raising water 
for the supply of towns ; and they certainly possess the 
remarkable advantages of being able to work under 
almost any fall, and of producing useful effects, with a 
very wide range in the velocity of their revolutions. 
They are said to yield a dynamical effect varying from 
0'70 to 0*75 of the power,. and they may be employed 
in cases where no other description of water-wheel 
could possibly succeed. In England, the only known 
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application of the turbine to a town water sapplj is at 
Weymouth, where a machine of this description has 
lately been erected under the orders of Mr. Hawksley. 
The foreign engineers seem, however, to be more con- 
vinced of the advantages of this description of water- 
wheel than our English engineers generally are ; and the 
principles of this class of machinery have been discussed 
both in France and in America, in a series of publica- 
tions mentioned in the Appendix : very little of value 
upon the subject has been published in our own 
country. 

250. In most of the large towns of England wherein 
it is necessary to employ mechanical power to raise the 
water, steam-engines are generally used, for the reasons 
before mentioned, or because the water power of the 
locality has been already appropriated. Until within 
a very recent period it was considered that when the 
power of the engine was required to exceed from 20 to 25 
horses, the description of engine known as the Cornish 
engine was the most advantageous ; but the results of 
the observations lately made upon the working of the 
double-action engines erected by Messrs. Simpson for 
the Chelsea and Lambeth Companies, and by Messrs. 
Bolton and Watts for the New River Company, would 
appear to re-open the controversy with respect to 
the merits of the various systems of pumping engines. 
Below the limits above mentioned there is, how- 
ever, a decided advantage in using the most direct 
acting engines, both in respect to first cost and to sub- 
sequent working ; or even in using small horizcotal 
engines with fly-wheels, communicating motion to shafts 
bearing the pump-rods. In the case of the Cornish 
engines, or rather in any case wherein it may be 
necessary to raise large quantities of water to great 
heights, the most favourable conditiona of movement in 
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the pumps are, iimt they should begin by raising the 
load rapidly ; and that when the first motion is perfectly 
determined, the effort used to move that load should 
be diminished progressively; so that, in fact, the motive 
power shall cease to act before the piston shall arrive 
at the end of the stroke. This is effected, in the 
Cornish engines, by introducing steam at great pressure 
upon the piston, through large ori&ces ; the steam is 
then allowed to expand directly the inertia of the water 
has been overcome, and it has assumed an ascentional 
movement, which may be maintained by a very small 
additional effort. In the engines used for raising water 
from the Cornish mines themselves, the initial pressure 
of the steam is about from 2i to 8 atmospheres ; the 
expansion begins at from i to J of the stroke of the 
piston ; and at the end of the stroke the pressure is not 
.more than £rom 4 to i% of an atmosphei^e. In small 
pumping engines, on the contrary, it is necessary that 
the action should be uniform ; and on this account it 
is advisable to divide the action in such a manner 
as to work three pumps, by means of cranks, form- 
ing with one another angles of 120° upon the same 
shaft. 

251. In the great London Water- Works the style of 
engine usually adopted is the Cornish engine ; and it 
may be worth while to mention here, that in the East 
London Water-Works establishmient the largest single 
machine of this description has been erected within a 
very few years, under the orders of Mr. G. Greaves. 
This engine has a cylinder of 100 inches in diameter, 
and 11 feet stroke, working a loaded pole of 4 feet 
2 inches diameter with a velocity of 6 strokes per 
minute, and raising no less than 150 cubic feet of 
water in a stroke. But, as was said in the last para- 
graph, the experience of modern engineers appears to 

M 2 
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lean in favour of tbe use of beam and fly-wheel engines ; 
and if all that is reported of the action of the machines 
erected for the New Eiver and Lambeth Companies be 
correct, there would appear to be no doubt as to the 
superior efficiency of the principle upon which they 
are designed. The engines erected at the New Biver 
Head are of two kinds : four of them are double-cylinder 
engines, in which the high-pressure steam of the. first 
cylinder acts expansively on the second, made by 
Messrs. Simpson and Co.; and the remaining two are 
single-cylinder engines, with a comparatively speaking 
small stroke, made by Messrs. Boulton and Watts. 
Many years since it was said that these machines were 
able to perform a duty equivalent to 98 million lb., 
raised one foot high, by the combustion of one cwt. of 
coal ; and now the duty is said to »be even carried' so 
high as 120 million lb. Unfortunately, the experi-. 
ments from which these results were obtained were 
not made contradictorily ; and they must therefore be, 
for the present, received with caution. There is, how- 
ever, one undoubted advantage possessed by the fly- 
wheel over the Cornish engines; viz., that they are 
capable of working at very different rates of delivery. 
In a town supply this may often become a matter of 
serious importance, as the demand is subject to very 
unexpected variations of an accidental nature; but 
again, it must be observed that the working details of 
the latest pumping engines, of whatsoever description 
they may be, have been so carefully adjusted that they 
are even used without any regulating reservoirs or the 
old-fashioned stand-pipes so generally erected at the 
beginning of this century, and that the drivers of 
the engines can easily meet almost all the variable con- 
ditions of the consumption. 
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252. Between the pumping station or the collecting 
reservoirs of a water supply, and the point where the 
distribution to the various parts of the town commences, 
the water flows through a simple pipe of an uniform 
sectional area ; and, as far as possible, with a constant, 
uniform velocity. In its course through pipes gene- 
rally, however, the flow of the water is retarded by a 
series of resistances, which practically may be resolved 
into those depending — 1, upon the friction on the sides 
of the pipes; 2, the loss of velocity occasioned by the 
bends ; 3, the loss arising from the changes of direc- 
tion from the mains to the submains or branches, if 
any such should exist ; and 4, the gurgitation which 
occurs at every interruption in the flow. These retard- 
ing influences will be examined in order. 

253. The friction on the sides of pipes depends prin- 
cipally upon their diameters and lengths, and upon the 
head, or column of water upon the respective orifices 
of supply and discharge ; and practically, this result is 
again modified by a co-efficient varying with the velocity 
of the water, and, if M. Dupuit's observations be cor- 
rect, with the nature of the material of the pipe itself. 
For all practical purposes it may be sufficient to con- 
sider that the quantity of water flowing through a pipe 
of uniform diameter, receiving its water from a reser- 
voir at a high level, and discharging it into another 
reservoir at a. lower point, without any change in the 
direction of the pipes, may be ascertained by the for- 
mula Q = c\/^ ^'^\^ D" ; in which Q = the quantity 

sought ; C == the difference of level between the extreme 
orifices ; X = the length of the pipe ; H = the head 
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upon the upper, and H', the head upon the lower 
orifice ; D = the diameter of the pipe ; and c = a co- 
efficient to be derived from the following table : 



Velocity 
per second. 



2 in. 

16-06 



4 in. 

17-22 



Sin. 

18-83 



l«in. 

19-50 



15 in. 

19-84 



20izu 

20-07 



78iD. 

aO-79 



and for any velocity beyond c = 21*043. 

264. This formula, however, cannot be applied unless 
the velocity is previously known ; and if this should 
not be ascertainable by actual observation, it may be 

calculated as follows 



make K= j^ ^, in which 



the notation of the preceding section will be followed ; 
then we should have, according to De Prony's formula, 
as given by Playfair 



V= — -1641131 -f-v^-023761 + 32806-6 X 



DK 



256. In practice the conditions usually met with are 
not so simple as those above supposed, and it th.erefore 
becomes necessary to adopt other methods of calcu- 
lating the quantity discharged, as affected by the re- 
sistance, which methods may be described nearly as 
follows, in the words of D'Aubuisson, the author of the 
best practical and theoretical treatise oa hydraulics to 
be found in any language. When water flows from a 
pipe, the vertical height of the fluid in the reservoir 
above the discharging orifice is called the head, and it 
is represented in all I>'Aubuisson's observations by H. 
The velocity due to this head is, however, diminished 
by the friction upon the sides of tilie pipe ; so that the 
portion of the head acting upon the discharging orifice, 
can only be represented by the height able to produce 
the observed velocity of discharge. If this velocity be 
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called t;, the height producing it will be — ; and H— — 

will be the portion of the head destroyed in creating 
it ; this portion, expressed in round numbers, is known 
as the ^ loss of head." He then continues to observe 
that, as the loss of head is caused mainly by the action 
of the sides of the pipes, it will be proportional to their 
length and to their contour. But in proportion as the 
section of the pipe increases, the resistance from Mic- 
tion on the sides will diminish, because it will be dis- 
tributed over a greater number of fluid molecules, and 
will consequently affect each one, as well as the ndiole 
mass, to a less extent; the resistance from friction 
will, in &ct, be in the inverse ratio of the sectional 
area of the pipe. The retardation, then, will be pro- 
portional to the square of the velocity, with an addition 
of a fraction of the simple velocity itself. It is also to 
be observed, that in the course of these observations, 
the pipes are always supposed to be full ; for if they 
were not so, the flow of the water would be regulated 
by the laws which affect it in its passage through ordi- 
nary open culverts. 

255. Then calling the length of the pipe L; the 
sectional area S; the wet contour C; and the two 
co-efficients it is necessary to introduce a, b ; the ex- 

C I» 

pression of the resistance will become a -^ — {t^-\-hv), 

«* C T» 

and we should have H — — -=r a— ^ {v* + h v). It 

is then only necessary to ascertain the values oi the 
co-efficients a^ b^ in order to apply the formula to 
ordinary purposes. Almost every author who has 
written upon this branch of the science of hydra^ics, 
has attributed different values to them ; so that great 
imcert^ty is still attached to the correct solution <rf the 
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problem. But it appears that the formula and values 
given in Weisbach's Mechanics are suflSciently accu- 
rate for practice. That author calls the loss of head 
occasioned by the friction h , and confining his atten- 
tion simply to the length and diameter of the pipes, he 

1 iL /^«, .r.o 0-017963\Z v\ , ^, . , 
makes ft , =( 0*01482 + j^— H '-r-feet. It is true, 

Messrs. Provis and Peacock's experimental inquiries 
appear to. indicate an important error, even in this 
estimate of the values of the respective co-efficients ; 
but as the results obtained from their application are 
admitted to be always in excess of those rigorously 
wanted, it would certainly be adviseable to adhere to 
them in designing any works for the distribution of 
water through pipes ; because any imperfection in the 
manner of laying, or any sudden increase in the 
demand, might render necessary the supposed exag- 
geration of diameter they would lead to. 

257. It is, perhaps, the more adviseable to adopt 
formulae which would lead to the use of pipes slightly 
in excess of those required to discharge, at firsts the 
quantity of water assumed to be delivered ; because in 
all pipes, as we have before seen, the effective dia- 
meter becomes reduced by the deposition of the 
salts contained in the water, or by the oxidation of 
the pipes themselves. Even in cases where the 
diameter of the main conduits has been rigorously cal- 
culated, it is customary to allow an additional J-inch, 
in order to counteract the effects of the incrustation. 

258. The friction, and consequent loss of head, 
upon water flowing in pipes, is considerably increased 
by any changes in the direction of the pipes, whether 
horizontally or vertically ; and this increase is found 
to be in a certain definite proportion dependent upon 
the ratio of the diameter of the tube to the radius oif 
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curvature of its axis. 
1 



Navier states that the formula. 






0039 — + 0-0186 



)t 



in which r = the 



radius of the curvature, and a = the development of 
the arc, will represent the loss of head thus occa- 
sioned. According to him, also, it would appear that 
h 1 is proportional to the square of the mean velocity, 
and to the length of the arc ; that it is a function of 
the radius of the ai*c, and independent of the diameter 
of the pipes ; and that h , decreases in proportion as r 
increases. It is usual to make r of the following 
dimensions, when it is desired to apply the above 
formula to the case of side mains branching off from 
a leading main ; — 



Diameter 
Badlus r 



2 to 3 in. 
1 ft. 6 in. 



3 to 4 in. 
1ft. Sin. 



6 inches 
2 ft. 6 in. 



8 inches 
3 ft. 6 in. 



10in.and j 
upwards. | 

5 feet. I 



259. It is to be observed also, that the rate of 
delivery in pipes with vertical bends is affected by the 
accumulation of aif at the summit of the bends them- 
selves, and by the loss of that portion of the initial 
dynamical effort which is required to overcome the 
resistance of the column of water to be lifted on the 
lower side of the bend. The former of these incon- 
veniences may be obviated, if required, by placing air- 
vessels at the top of the upper limb; the latter is 
overcome by accelerating the rate of flow in the pipe, 
immediately before the water arrives at the bend. But 
under any circumstances it is desirable that the pipes, 
in which there are any deviations from the straight 
line, should be kept constantly full, in order to pre- 
vent as much as possible the accumulation of air in 
them. In laying great lengths of leading mains, it is 

M 3 
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customary to place the air-vessels, or the pressure 
regulators, upon the summits of the most important 
vertical bends. 

260. The formula which expresses the conditions of 
the flow of water in a pipe of uniform diameter, and 
working under a constant pressure, ceases to be applic- 
able when there is a series of side branches or of sub- 
mains, deriving their supply immediately from the 
principal one. During the course of the distribution, 
a difference in the volume of water passing through the 
pipes must necessarily arise from the mere fact, that a 
portion of the water will be drawn off by the side 
mains; and therefore, in the latter parts of their 
course, the supply mains must be proportionally 
diminished to the service they are designed to supply. 
But it may sometimes happen in practice, that the 
cost of new models for smaller pipes may be so great 
as to render it more economical to retain the ori^al 
dimensions of the mains; so that this question of 
detail must be carefully considered in forming the 
comparative estimates of the various modes of effecting 
the supply. It is, however, always necessary, before 
deciding the dimensions of any main pipe> to take into 
account not only the absolute theoretical requiremestts of 
the case, but also the probability of any eventual incarease 
in the supply which the mains may have to carry. 

361. Mr. Hawksley stated that the method he 
adopted to ascertain the diameters to be given to the 
pipes laid down upon what is called the eonsfeBnt 
delivery system (in which the pipes are always under 
diaj^e, and no cisterns are used), is to divide the length 
of the main in a street into portions of 2M yards 
each, and to assign to every such portion the qaao4ity 
of water it would be likely to require^ on the supfio- 
siti^n that that quanftily would be discharged m 
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four hoars. He then allows for a loss of head equal 
to 4 feet in erery 1^00 yards, and adopts, in calculating 

the diametars to be given, the formula, — • y/ ^^-- = rf. 

Id n 

in which jr= the number of gallons ; ? = the length of 
the main in yards ; h = the head in feet; and A = the 
diameter recjuired, in inches. The system recom- 
mended by Claudel in his "Formules ^ TUsage de 
ringenieur," is, perhaps, more theoretically correct 
than the one thus recommended by Mr. Hawksley, 
although it is certainly more difficult, and more tedious 
in its application. It may be stated, as nearly as 
possible in the words of the original, as follows : — 

262. Case First. Let it be proposed to supply a 
district of a town by means of a pipe of uniform dia- 
meter throughout its length, and discharging the water 
through pipes constantly flowing; then the diameter of 
the pipe should be suflBcient to ensure the delivery of 
the water from each opening at a slight distance above 
the points of discharge tiiemselves at the extreme end 
of the district. This diameter is, for the purposes of 
calculation, assumed ; and the loss of head for the dis- 
tance betwen A and B is calculated in the usual way ; 



^ 



n: 



and this loss- being deducted from the original l^ad, 
will give the head acting effectively at B, whidi must 
ibe ai feast sufficient to ensure tiie delivery of the 
water £rom all the oadfices upon the said branch B. 
The los9 of head between B and C is ascertained in a 



332 SUPPLY OF WATER TO TOWNS. 

similar manner, it being observed that the quantity of 
water discharged by the main will be, of course, 
diminished by the quantity withdrawn by the branch 
B ; and, as before, the head thus actually existing 
at C niust be sufficient to ensure the supply of all 
the orifices upon the branch. Proceeding in this 
manner it will be seen whether, the head upon the 
Isat division of the main mil suffice to supply the 
demand upon it. If this should not be the case a 
larger diameter must be used, if the head cannot be 
increased ; or if the head at the end should be in 
excess of that which is absolutely required, a smaller 
diameter may be adopted. 

263. Case Second. Let it now be required to deter- 
mine the diameter of a pipe receiving water from both 
ends, and supplying in its length certain orifices dis- 
charging definite quantities. In such a case it may 
happen that some of the orifices are supplied entirely 
from A ; some entirely from B ; whilst some, as D for 
instance, may derive their supply partially from one or 
from the other end, or it may be from both. Then the 



7 



diameter of the main, in either of the parts D A, D G, 
must be such that if D be supplied from both ends, 
the effective head at D and the consequent entry of 
water from both sides should be equal. It is necessary 
to proceed by approximation as in the last case, in 
order to ascertain whether this condition be or be not 
attained, and to assign some imaginary diameters to A 
andG; and after deducting the losses of head .occa- 
sioned by the several branches B, C, E, F, the remain- 
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ing effective heads upon the respective portions of the 
main at D will be determined. Should those heads 
not be equal, the dimensions of the maius must be 
altered as the results obtained may indicate. 

264. Case Third. Should the supply main derive its 
waters from two pipes whose delivery is known, and 
should it be desired to determine the diameter of the 
pipe from A to B, so as to ensure a particular distri- 
bution upon its length, the course to be followed may 




be thus described. A certain approximate diameter is 
assigned to A B, and as the discharge is known and 
the difference of level between A and B is also supposed 
to be known, the effective head required to ensure the 
supposed conditions may easily be ascertained. If 
then the diameters of A C and A D be also supposed, 
as the volume supplied by them respectively is known, 
it will be easy to calculate the loss of their initial heads 
by the time the water arrives at A. The heads of the 
respective columns of water at this point must be 
equal, and sufficient when united to ensure the delivery 
supposed to take place between A and B ; if the dia- 
meters of the several pipes should not be such as to 
ensure these conditions, they must be modified accord- 
ing to their excess or deficiency. 

265. When the distribution takes place by means of 
a conduit of different diameters, it will be found that 
the system of calculation indicated in the first illustra- 
tion will suffice to ascertain the required conditions ; 
because the diameters of the pipes are constant between 
two successive openings, and the rate of delivery be- 
tween those openings is also uniform. It is necessary. 
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however^ in ealculatmg the losses of head which occur, 
to allow for the differences introduced in the diameters 
of {he respective portions of the main. 

266. In ciurrying out the working details of any 
town distrihution of water, it is necessary to obtferve 
numerous precautions, in order to protect the pipes 
from injury by external causes* In § 235, attention 
has been already called to the effect of .variaticns of 
temperature in the atmosphere, and it may be interest- 
ing here to add that in such positions as Montreal or 
St. Petersburgh, the water in pipes has been frozen 
even at six feet depth from the surface. It was generally 
supposed that the temperature of the water was at all 
times affected b; the temperature of the ground in which 
the pipes were laid ; but from the experiments made 
by M. Girard (See his '^M^moire sur la Pose ded 
Oonduites d'Eau dans la Yille de Paris," 1831), which 
have been confirmed by subsequent observations in 
other counties, it would appear that at whatever tem- 
perature water may enter a pipe it will leave the pipe 
at precisely the same temperature, if the rate of flow 
be maintained constantly. In a mutiicipal distribution 
of water it is impossible to secure this condition^ for 
the consumption of water takes place in a very variable 
manner, according to the wants or to the habits of the 
population ; and it therefore is necessary to place the 
distributing mains beyond the possible action of firosi 
Moreover, in towns it is essential to place the mains at 
it sufficient depth from the surface to guarantee them 
from the vibrations in the soil of the roads produced 
by the traffu^ ; and also if gas should be used, precau- 
tions must be taken against ecmtamination by tiie gitfi. 
A minimum depth of four feet will suffice to secure the 
former object^ and the danger from the escape of gas 
is to some extent obviated, by placing the water pipes 
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at a lower level than that of the gas pipes. It may 
be here added, that M. Girard found that the li&eal 
dilatation of cast iron pipes was equal to 0'0000OdO0id2S 
of a foot for eyery additional degree of Fahrenheit^ if 
they were free and in the open air ; but that when the 
pipes were filled with water and buried in the ground 
the dilatation was consid^ably reduced. The pipes 
themselves under the lattec conditions assumed tem- 
peratures which were functions of the diffidence of 
temperature of the surrounding media, but which were 
nearer to that of the groimd, or denser medium, than 
to that of the water. 

267. A very important precaution to be observed in 
the execution of a municipal water supply is, that what 
are technically called dead ends should be avoided, or 
in fact that there should be no portions of the mains in 
which the water should not flow freely. It is essential 
also to make every sub-main and if possible every house 
service* independent of the other portions of the distri* 
buti<m, in order that when repairs are required of a 
nature to render it necessary to shut off the water in 
any particular place, the interruption in the service 
may affect as few houses as possible. For the purpose 
of thus shutting off the water, dmceSy or as they are 
sometimes very incorrectly called kgdranUj are placed 
dose to the embranchments of the sub-mains upon the 
principal ones; and these sluices have an occasicmal 
additional advantage frqm the power they confer of 
temporarily stopping the private distribution, if it 
should be required to concentrate the supply to as^ 
one place on the occasion of a fire or other accident. 
Small stop eoek& are to be fixed at the junctions of tiie 
house services for similar purposes. 

268. Fire plugs are placed in Lcmdon at distances 
^varying in the distriets of each separate company ; but 
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it appears that upon the average there is a fire plug to 
every ten houses, and in the New River district, per- 
haps the hest organised of the older London Companies, 
there is a fire plug at every interval of 73 yards upon 
the services, and of 157 yards on the mains. III 
large towns also it is advisable to fix stand pipes at 
distances of about 600 yards for the supply of water 
carts. This branch of the public service is found to 
require a supply of about 1 J pint of water for every 
yard superficial, and for every time that t^e watering 
is performed. In our climate it appears that the streets 
thus require to be watered for 120 or 135 days in the 
year ; and in summer it may frequently be necesssuy 
to water the roads twice in the day. Mc. Hawksley, 
however, adds to the observations usually made upon 
the consumption of water for roads, that the nature of 
their surfaces will materially affect the amount; and 
he assigns as the usual proportions one ton of water to 
every 600 square yards of macadamised roads, or to 
every 400 yards of paved ones. A considerable quan- 
tily of water is also used, in some English towns espe- 
cially, to cleanse the sewers and drains; and it appears 
from Parliamentary returns that the proportion of the 
water thus supplied for street watering, fires, scouring 
sewers, &c. is about 2 per cent, of the total quantity. 
In continental cities, however, the proportion of water 
thus used, without directly entering into what may be 
called the private or the remunerative consumption, is 
far greater than it is with ourselves^ for the bulk of the 
water supplied to the former is employed in the orna- 
mental fountains, or the small homes fontaines as the 
stand pipes which serve to clean the gutters or water- 
courses are called. The homes fontaines in fact render 
great service in hot countries, and under certain deve- 
lopments of civilization ; and as in all probability their 
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application in the cities of our own tropical possessions 
might be advantageous, a short description of them 
and of the system of distribution of which they form 
part is subjoined ; it is based upon the system actually 
applied in Paris. 

269. There are several reservoirs established in the 
various quarters of Paris ; but in the day time, the 
water, instead of passing from the main feeders to them, 
is diverted into the sub-mains, and allowed to flow from 
a series of small stand-pipes into the street gutters ; 
at night these stand-pipes are closed, and then the water 
flows into the reservoirs, where it is stored for the 
supply of those parts of the town which are not imme- 
diately upon the lines of the principal mains. The 
bomes fontaines are at the charge of the municipality, 
and they flow during the summer months, at three 
8epai;ate intervals of one hour each, or three hours per 
day, discharging in that time 650 gallons of water; in 
winter they only flow for two hours per day. Generally 
speaking tJiey are placed at distances of about 410 feet, 
and wherever it is practicable they are placed at the 
culminating point of a gutter, so that the water may 
divide and enter the sewers as rapidly as possible after 
flowing in both directions. The necessity for this 
apparent waste of water arises from the fact that, in 
Paris, it is customary to discharge all household refuse, 
such as we consign to the dust-bin, into the street 
kennels, and therefore a copious flow of w^ater is 
required to keep those kennels clear. Moreover, the 
flow of water from the fountains serves to cool the air 
in the close narrow streets of that town, in which the 
sun's rays are reverberated with singular intensity on 
account of the material used in the construction of the 
houses. It appears that more than half the total 
quantity of water brought into Paris is poured into the 
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I^ennels through these homes fontaineSy so that in fact 
the quantity left for private distribution must be very 
small indeed. As the gross average supply of Paris 
4oes not exceed twenty gallons per head per day, and in 
addition to the stand-pipes, the water columns, orna- 
mental fountains, and trade consumptions have to be 
fiupplied from the same source with the private con- 
sumption, the latter cannot exceed, even if it attain, 
five gallons per head i>er day ; and it is important to 
observe, when comparing the ultimate benefits of the 
systems respectively adopted in France and in England, 
in Paris or in London, that in the former no high 
ttervice actually exists, and practically water is sold by 
the pail, whilst in the latter, water is obtainable at 
almost any reasonable elevation, and the price is so 
low as to induce, as was before said, rather a profligate 
waste of water. 

270. Until within a very few years the supply of 
water to private consumers was effected in all coiytries 
upon what is now called " the intermittent system,^* 
that is to say, that the distribution took place under 
low pressures, and at stated intervals. In these 
•cases the water was brought into the houses by lead 
pipes, branching upon the mains in the street, and 
leading to cisterns provided with ball-cocks, and waste, 
or overflow, pipes for the purposes of stopping the 
supply when the water had risen to a certain level in 
the cistern, or of carrying away any surplus quantity 
delivered ; and the water was stored in these cisterns 
until used, or thence raised by the inhabitants of 
the houses by force-pumps to any greater altitude 
which they might require. The changes which have 
taken place in domestic habits of late years have, 
however, rendered it necessary to supply water even in 
the upper stories of dwelling-houses ; and even upon 
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the intermittent delivery a great change in the hei^t 
of the serviee had been forcibly introduced before the 
constant deliyery system had been prominently brought 
before the public. Thus, in London itself the service 
was divided into the high and the low services, for 
which there were corresponding differences of charge. 
The " low service'* was understood to mean that the 
water was delivered at a height not exceeding from six 
to nine feet above the level of the roadway in front of 
the house ; whilst the "high service" was comprehended 
within a level of about thirty feet above the same level, 
and included every delivery above the six or nine feet 
before mentioned. Upon either the high or the low 
service, however, it is necessary to resort to the use of 
cisterns, so long as the delivery is intermittent ; and 
as the first cost and the subsequent maintenance of 
the machinery and of the cisterns themselves is great, 
and the cleanliness of the cisterns requires constant 
attention, it is not surprising that earnest efforts should 
have been made to avoid the evils which certainly are 
attached to the intermittent delivery. 

271. It was for this purpose that Mr. Hawkslcy 
introduced the system now generally known as "the 
constant delivery," in which the mains and service pipes 
are kept constantly full, under very great pressure, so 
that water can be drawn from them in any quantity, 
and at any level in the houses supplied. It will at 
once be perceived, that with such a mode of distribu- 
tion there can be no occasion for the use of cisterns, 
and that the water would, with a few precautions, be 
kept in a state of purify which cannot be secured when 
it is stored in those receptacles. But it is essential 
also to observe, that in order to resist the hydraulic jar 
produced by abruptly closing the service pipes after 
withdrawing water, it is necessary to adopt a system of 
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internal distribution, and to introduce internal fittings 
which are often of a more expensive character than 
those which would sufl&ce for a distribution upon the 
intermittent system. There is a more serious objec- 
tion to the high pressure constant delivery, however, in 
this respect : that unless great precautions are taken, 
and a very strict supervision be exercised, a verj' 
enormous increase in the consumption of water will 
inevitably take place, as was previously observed in 
§ 198. So seriously, indeed, has the consumption of 
water (or rather its waste, for it can never be fairly 
consumed,) increased in some towns^ that it appears to 
be almost necessary to render the use of meters com- 
pulsory. In fact, as the ordinary charge for water is 
6d. per 1000 gallons, the price is nearly the same as 
that charged for gas, and there can be no reason why 
a profligate waste of the one article should be tolerated, 
whilst that of the other is practically restrained. Un- 
fortunately there is no satisfactory high pressure meter 
yet made, so that for the present a great deal of waste 
must be tolerated, if the constant delivery at high 
pressure be introduced. It may thus be unadvisable, 
even in a new work, to introduce the constant delivery ; 
and it may also be utterly impossible, with any due 
regard to economy, to modify an old established work, 
in order to introduce that system, notwithstanding its 
manifest theoretical advantages. The choice of the mode 
of distribution is, indeed, a mere matter of economy, and 
the appreciation of the importance of the various condi- 
tions able to determine the selection must always consti- 
tute one of the most delicate parts of an engineer's duties. 
One of the most mischievous errors of the late General 
Board of Health consisted precisely in the absolute man- 
ner in which it compelled the adoption of this constant 
delivery at high pressure, under every possible condition. 
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272. The great irregularity which takes place in the 
consumption of water during the various hours of the 
day renders it necessary to use pipes of larger dimen- 
Bions for the house services, upon the constant delivery, 
than would he required upon the intermittent one ; for, 
. as the supply is taken directly from the service pipes in 
the former case without the interposition of any cistern 
or regulating storage vessel, those services must be 
large enough to allow the water to be drawn off very 
rapidly. The observations made by Mr. Martin of 
Wolverhampton upon the rate of consumption during 
the different hours of the day, may throw some light 
upon this subject, and they are therefore subjoined. He 
stated, in the Appendix ii. p. 67, of the (very equivocal) 
Report of the Board of Health on the Water Supply of 
the Metropolis, that the consumption varied as follows: 



Time. 

6 J^pd 7 A.M. 


Percentage 

of gross 
consumpttao. 

3-735 


Time required to daUrer 

total consumption 

at this tliis rate. 

26-77 hours. 


7 „ 


8 „ 


5-209 


19-19 „ • 


8 „ 


9 „ 


6-192 


16-14 „ 


9 „ 


10 „ 


6-438 


15-63 „ 


10 „ 


11 » 


7-076 


14-13 „ 


11 „ 


12 „ 


7-764 


12-88 „ 


12 „ 


1 P.M. 


5-995 


16-68 „ 


1 „ 


2 „ 


5-946 


16-82 „ 


2 „ 


3 „ 


6-388 


15-64 „ 


3 „ 


4 „ 


7-863 


12-72 „ 


4 „ 


5 „ 


5-209 


19-19 „ 


5 „ 


6 „ 


6-290 


16-90 „ 


6 „ 


7 „ 


3-685 


27-13 „ 


7 „ 


8 „ 


5-012 


2000 „ 


8 „ 


» 


3-047 


32-81 „ 


9 „ 


6 a.m. 


14-152 


68-26 „ 



273. Thence it would appear that the maximum 
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demand upon the mains oeeurred between the hours 
of 10 and 12 in the forenoon, and between 2 and 4 
in ilie afternoon ; but these conclusions can only be 
taken to be rigorously correct for the town particularly 
observed, and they may be, eren in that town itself^ 
materially influenced by the atmospheric conditions of 
the period when the observations are made. One 
thing is, however, proved by Mr. Martin's analysis, 
Yiz,, that about f of the total supply is, upon ihe 
constant delivery, drawn off between the hours of B 
in the morning and 6 in the evening; and that on 
many occasions as much as Vo of the total quantity 
may be withdrawn in one hour. Mr. Hawksley's prin- 
ciple of assuming that it is necessary to make the pipes 
big enough to discharge \ of the whole quantity in one 
hour, must therefore be considered to be justified by a 
due regard to the eventual requirements of a town 
which is likely to increase. 

274. The following statistics of the consumption of 
water for the ordinary purposes of life may be here 
stated, as they will furnish the elemients of calculating 
the dimensions of house services. Thus — 

A bath requires on the average, each Gallons, 

time it is used . . , 75 
A horse requires per day, about . .16*5 
A two-wheeled private carriage, per day 8*8 
A four-wheeled ditto ditto . 16*5 

Each individual in a house . . 4*4 to 

8-0 
Every yard superficial of garden ground 0*33 
Ditto, ditto, of roadway, per service 0*22 

275. Before closing this section it may be as well to 
advert to the various descriptions of pipes used for the 
distribution of water, to their effects upon tike quality 
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of the supply, and to the rules usually adopted for 
calculating their dimensions. These descriptions may 
be briefly stated to consist of cast-iron, ^wrought-iron 
(whether galvanised or not), and lead; and each of 
them gives rise to a special class of phenomena. Thus t 
cast-iron pipes, 'which are most commonly adopted,^ 
are preferred on account of their original strength 
and rigidity, of the facility with which they can be 
adapted to any change of direction in the line of 
pipes, and of their durability. Some waters, however,, 
appear, as was before observed, § 192, to exercise a 
remarkable influence in developing the oxidation of 
cast-iron, and in producing tubercles which diminish 
the sectional area of the water-way, and render neces- 
sary frequent examination and cleansing of the pipes. 
Notwithstanding the discussions which have taken place 
on this subject, it is stiU involved in great obscurity ; 
and the opinions expressed by M. Payen, in 1837, seem 
still to represent the most satisfactory known theory as 
to the mode under which the oxidation takes place. 
From a note by that eminent chemist, inserted in the 
" Annales des Fonts et Ghaussees,'* of 1837, it would 
appear that the slightly alkaline, aerated, waters are those 
which are the most likely to produce the effect above 
mentioned. The oxidation takes place more readily 
upon grey cast-iron than upon whiter metal ; and the 
experiments of both English and French engineers 
would appear to show that if cast-iron pipes be coated 
internally with a solution of hydraulic lime, or with 
linseed oil containing litharge, the formation of the 
tubercles will be retarded. Chloride of sodium, when 
present in the water, even in small quantities, exercises 
great influence in facilitating the development of such 
tabercules. 
276. In some of the continental towns especially. 
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wrought-iron pipes have of late years been introduced 
for the distribution of water, instead of cast-iron, the 
inner surfaces of the pipes being galvanised, and the 
outer surfaces protected by a coating of asphalte. Not- 
withstanding the favour with which this system has 
been received, it would, however, appear that there are 
very serious practical objections to the use of the 
wrought- iron pipes ; because a subsidence of the ground 
above or beneath them, might compress the pipes, and 
thus diminish their available sectional area, without 
producing at the same time any external indication by 
means of which it would be possible to identify the 
precise position of the interference with the flow. The 
very elasticity of these wrought-iron pipes is, indeed, a 
practical evil ; for, under the circumstances above sup- 
posed, cast-iron pipes would either not yield to the 
superincumbent weight, or if that weight exceeded cer- 
tain limits they would break, and thus by the leakage 
which would take place they would at once call atten- 
tion to the defect. Wrought-iron service pipes are, 
however, often used successfully. 

277. Lead pipes are those which are the most fre- 
quently used for house services; and they may be 
obtained by the process technically known as "drawing," 
when the diameters do not exceed three or four inches, 
beyond which dimensions they are only made by sol- 
dering the joint, or by casting. In the latter case the 
lengths of each particular pipe can hardly exceed ten 
feet, and under such circumstances the number of 
joints which would be required becomes a serious 
objection to their use. It was, indeed, on account of 
their being practically confined to the use of lead 
pipes that the Eoman engineers so rarely adopted 
reversed siphons upon the lines of their aqueducts; 
and the diflSculties they must have encountered in the 
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execution of the great work of this description, near 
Lyons, is sufficient to explain their preference for 
large bridges, even whilst it proves that the great prin- 
ciples of hydraulics were perfectly well kifown to them. 
At the present day, however, as was before stated, 
lead pipes are those most frequently used for house 
lervices; and they are found to be the most con- 
venient, though perhaps not the most economical, on 
account of. the ease with which they can be made to 
bend in any direction. It is important to mention 
here that lead is exposed to be acted upon by certain 
waters, and that its action when thus affected is far 
more prejudicial than is the action of iron similarly 
affected. The precise conditions of the action and 
reaction of water and lead are not very satisfactorily 
explained ; but it would appear that the waters which 
are able to affect iron in the most decided manner are 
also those which are able to affect lead. Some of the 
soft waters, as they are called, or those destitute of 
the bicarbonate of lime, appear to act with the greatest 
energy on lead ; and when this is the case the use of 
that metal for service pipes, or for cisterns must be 
carefully avoided. (See also § 101 Vol. I.) 

278. The formula for ascertaining the thickness to 

be given to a cylindrical pipe exposed to a certain 

If) 1* 
internal pressure is usually given as follows : x =-;i— 

in which p, = the pressure per square inch ; r = the 
radius of the interior diameter ; and c = the cohesive 
strength of the metal per square inch. In practice, 
however, the dimensions ascertained by the application 
of the formula are sometimes neglected, and especially 
in the cases of pipes of small diameter the thickness is 
mado greater than theoretically it would be necessary 
to do, on account of the difficulty there would be in 
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obtaining sound castings with metal of the required 
thickness/ It is customary also to strengthen pipes of 
more than 3 inches in diameter, by placing two belts 
3^ inches wiSe, and i inch projection, in their length. 
Mr. Hawksley adopts, for the purpose of calculating 
the thickness of cast-iron pipes, a very simple empirical 
formula, which is sufficient to meet any ordinary con- 
tingency. He makes the thickness = 0*18 \/ d, or in 
other words, he makes it about equal to ^ of the square 
root of the diameter. The following table contains 
the dimensions and the weights usually ^ven in com- 
merce to cast-iron pipes used for the purposes of the 
water supply of towijs. 



TABLE No. 



Internal 


No. of 


Length 


Net 


Weight 
per^pe. 


Thickness 


diameter 


belts 


over 


length 


of 


of pipe. 


per pipe. 


joint. 


in work. 


barrel. 


In. 




ft. Hi. 


ft. in. 


owtfi. qrs. lbs. 


in. 


U 


none 


4 9 


4 6 


10 


0-288 


2 


)f 


6 4 


6 


1 21 


0-3 


2i 


t* 


6 4 


6 


2 5 


0'313 


3 


jy 


9 4 


9 


3 24 


0-325 


4 


two belts 


n 


)9 


1 1 12 


0-35 


5 


9t 


99 


» 


18 6 


0-875 


6 


39 


9 6 


91 


2 14 


0-4 


7 


f> 


99 


99 


2 3 8 


0-425 


8 


tf 


>> 


n 


3 1 15 


0-45 


9 


» 


9i 


99 


4 2 


0-476 


10 


tt 


99 


99 


4 2 21 


0-6 


11 


f> 


>> 


If 


5 17 


0-525 


12 


3> 


99 


II 


6 10 


0-55 


13 


91 


99 


99 


6 8 14 


0-575 


14 


ft 


9 8 


99 


7 2 20 


0-693 


15 


•9 


99 


V 


8 1 13 


0-612 



279. Mr. Jardine of Edinburgh found that a lead 
pipe 1 J inch in diameter, and -J- of an inch in thickness, 
resisted a head of water equal to 1000 feet, but that it 
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burst under a head of 1200 feet; and that a pipe 
2 inches in (Uameter, of the same thickness, resisted a 
head of 860 feet, but burst under a head of 1000 feet- 
Behdor states that a large pipe of lead, 18 inches in 
diameter and -f?- thick, will resist a pressure of three 
atmospheres ; and he mentions that the pipes in the 
Gardens of Versailles are 2 feet If inches in diameter, 
and If inch thick ; these are about the largest lead 
pipes in existence. The usual thickness and weights 
of the lead pipes to be met with in commerce are as 
follows :^- 





in. 


in. 


in. 


in. 


In. 


In. ' in. 


in. 


Thickness . . 


1 


li 


li 


If 


1* 


ifiii 


2 


Weight per foot 


4-85 


5-34 


5-81 


6-3 


6-79 


7-27 7-76 


8-73 



^60, It may be interesting to add that the ordinary 
charge for a water supply in England is about 6 per 
cent, upon the rental of the house, and that the following 
trades give rise to the application of special rates : such 
as manufacturers, tanners, fellmongers, hair-washers, 
glue-makers, curriers, dyers, hatters, brewers, distillers, 
inns, bath-houses, and steam-engines. 



WhUst these pages were passing through the press, 
a very interesting account of the operations of the 
French engineers, who have lately been employed in 
sinking some Artesian wells in Algeria, has been 
published by General Desvaux, in the fifth number of 
the " Annales des Mines" for 1858, to which it may be 
the more necessary to call attention, because our own 

H 2 
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fellow-countrymen have certainly been either less bold 
or less successful in their attempts to execute similar 
works than our neighbours have been. In all 
probability the course adopted by the French with 
such success, in forming wells in the heart of 
the great Desert of Sahara, might be followed with 
equal advantage in some parts of the Cape Colony, 
or in the great Stony Desert of India; perhaps 
even Australia itself might advantageously admit 
of the execution of wells in some of its now barren 
parts. At any rate, the influence of the wells 
recently formed in the Sahara upon the development 
of the civilisation of the interior of the mysterious 
continent of Africa, must be sufficiently important 
to justify a lengthened notice of the conditions of 
their execution. 

The Desert of Sahara itself appears to have, at no 
very remote geological distance of time, constituted 
the bed of an inland sea, analogous to the Mediter- 
ranean of the existing epoch, which was bounded, 
towards the north and north-west by the high lands 
now constituting the range of the Atlas. The strata 
of these lands actually dip under and form a continu- 
ous basin beneath the horizontal beds of the former 
deposits of the sea, and as some of those beds are 
sufficiently impermeable to prevent the waters, flowing 
from the present hills and entering the more absorb- 
ent strata, from rising to the surface, the watera so 
entering the underlying strata exist imder the ordinary- 
conditions of Artesian springs. Whenever, therefore, 
the upper impermeable strata are passed through, and 
the permeable water-bearing ones beneath them are 
reached, the water rises to a height regulated of 
course by the ordinary laws of Artesian springs, and 
with an abundance dependent upon the original 
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supply, and the demand made upon it. And here it 
may be as well to remark, that the results said to 
have been obtained, must still be regarded with some 
amount of suspicion ; for it is far from being proved 
that they will remain such as they are, either through- 
out tfie year, or in any season %hen a greater number 
of similar wells are formed. Wherever the water has, 
however, been brought to the surface, it has been at 
once converted for irrigation or for personal use by 
the wandering tribes of the Desert, who are thus 
insensibly won from their nomadiC' state to the more 
peaceful life of the fixed cultivator. 

Up to the end of 1867 no less than fifteen Artesian 
borings had been commenced, under the directions of 
the officers of the engineering corps of the French 
army of Algeria, in that part of the Desert comprised 
within the French dominions ; and eleven of these 
wells had actually yielded copious supplies of water, 
whilst the remaining four borings were being con- 
tinued with a fair prospect of success, in the cases of 
two at least out of the four. From the returns 
given by General Desvaux, it would appear that the 
total quantity of water thus poured upon the surface 
of the Desert, which only required this stimulus to 
become of unexampled fertility, has not been less 
than 4030 gallons per minute ; and that one of the 
wells alone yielded as much as 946 gallons per minute, 
or above 1,400,000 gallons per day, which is nearly 
half as much again as the yield of the celebrated 
Artesian well of GreneUe. The following table, 
extracted from Gen. Desvaux's notice, and turned 
into English notation, will, however, give the most 
correct idea of the nature of the works thus executed, 
and of the results said to have been attained by 
them : — 
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Name of boring. 


Yield, 

gallons per 

iniaute. 


Temp. 
Fahr. 

■ 


Depth of weU. 


Tamerna . 


883-3 


69-8 


196 ft. 6ia. 


Temacin . . « 


7-7 


69-8 


377 „ -9 „ 


TameVhat . 


36-4 


71-6 


191 „ 10 „ i 


Side Eached . . . 


946-0 


75-3 


177 „ 3 „ 


OiiTTi Thiour 


39-6 


69-8 


343 „ 5 „ 


Chegga .... 


19-8 


73-5 


131 „ 3 „ 


ElVisour . 


733-93 


77-0 


163 „ 10 „ 


Sidi Sliman . . . 


880-0 


77-0 


345 „ 10 „ 


Bram 


440-0 


75-3 


157 „ 6 „ 


Oum Thiour, 2nd well 


33-0 


77-9 


361 „ 9 „ 


Metkaonak . 


31-34 


73-76 


385 „ 5 „ 



There are some apparent anomalies in this table, 
which may perhaps confirm the doubts already ex- 
pressed with respect to the probable permanence of 
the supply thus secured. For instance, the distance 
of the principal water-bearing stratum from the sur- 
face would seem to range between 150 and 200 feet ; 
and if it should happen not to be met with in any 
particular place, the actual yield of the well is not 
likely to be of much importance. But the singular 
varieties stated to exist in the temperatures of the 
well waters, which rise to the surface, lead to the 
inference that the water-bearing stratum is not situ- 
ated at such a depth as to protect it from the action 
of external disturbing causes; and therefore they 
also lead to] the belief that those causes may be able 
to affect the regularity of the supply. A series of 
returns, carried over many years, is in fact required 
before any authentic opinion can be formed as to the 
real value of these interesting illustrations of the art 
of well-sinking ; an art which seems, by the way, to 
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have been originally practised by the ancient Egyp- 
tians, and to have been applied by them to precisely 
the same purpose as it has lately been applied by the 
French, viz., the creation of halting stations in the 
dreary wastes of the Deserts. The number of rivers, 
and the quantity of water known to be absorbed by the 
Sahara, may diminish the probability of the importance 
of the disturbing causes above alluded to ; but until 
a series of observations upon the permanence of the yield 
shall have been made, some doubts must exist on the 
subject. Before closing this note, it would be desirable 
to call attention to the fact that the range of the Atlas 
is more likely to furnish a permanent supply to the 
streams feeding the underground springs of Northern 
Africa, than are the mountains of either South Africa or 
of Australia ; because the former are sufficiently lofty 
to rise into the regions of perpetual snow, whilst the 
latter are uncovered in the summer months. Never- 
theless, the effects of droughts in both those regions 
are so fearful, that it would be important at least to 
examine whether there were, or were not, any proba- 
bility of discovering even a partial remedy to them. 



CHAPTER IV. 



TOWN DRAINAGE. 



2^1. The subject of town drainage is one which is of 
such manifest importance to any highly- civilised com- 
munity that the discussion of the best and most efficient 
system to be adopted in order to effect that object has 
at all times occupied the attention of legislators and 
engineers. The great Jewish lawgiver prescribed 
numerous precautions to secure the removal of the 
various offensive matters, and the ordinary drainage of 
the camp of his followers during their sojourn in the 
Wilderness; in the ruins of Babylon and Nimroud 
distinct traces of a system of drainage have been dis* 
covered ; the great sewers of Rome, and of the Etrurian 
cities have long been the objects of admiration of anti- 
quarians and engineers; later still we find our own 
Henry VIII. promulgating a code of laws upon the 
subject of sewers and drains ; and within the present 
century the whole question has been studied with a 
degree of attention, almost of passion, far superior to 
that hitherto bestowed upon it. Unfortunately, how- 
ever, the fashionable empiricism of the day has been 
allowed to play its most fantastic tricks in this matter; 
and it is, therefore, the more necessary to call attention 
to the real philosophy of town drainage. For the 
purpose of discussion it may, then, be considered that 
there are two branches of the subject, sufficiently 
distinguishable from one another for the purposes of 
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classification, and which may be, and often are, treated 
in practice upon very different principles. These 
branches, or sub-divisions, are — 1st. The consideration 
of the means of removing the surface, or what may 
properly be called the drainage, waters; and, 2nd. The 
consideration of the means of removing all the foul 
house waters, and the excrementitious matters of a 
town population, in such wise as to ensure their 
effectual discharge without producing any annoyance, 
either to the inhabitants of the town under con- 
sideration, or to the proprietors of land situated below 
the point of outfall. At the same time, it is desirable 
that whatever fertilising properties may be retained in 
the sewerage, as the waters flowing from the house 
drainage are now commonly called,, should be con- 
verted to use, if that object can be accomplished witli 
due regard to economy. These sub-divisions, however, 
are but arbitrary; because when a large, and highly 
civiHsed, community establishes itself at any particular 
place, it frequently becomes difficult to define where the 
one of the sub-divisions begins and the other ends — 
especially as the existing municipal regulations of the 
countries of Western Europe complicate the question 
in an infinite number of ways. In fact, cities grow, 
without much apparent reason for the particular manner 
in which the increase of their populations affects the 
'plan of their distribution ; and it is very rarely that it 
is possible to predicate, or to provide for, the wants of 
the continually increasing flood of incomers. The 
difficulty of thus foreseeing the wants of future genera- 
tions is, moreover, increased by the fact, that not only 
may the internal distribution of the towns alter, but 
also because, from time to time, changes are intro- 
duced (even into national habits, the most pertinacious 
of all) which defy any previous calculations. Perhaps 
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it is for these reasons that we find that both the 
systematic neglect of " red tape " in the department of 
public works of our own country, and the precisely 
opposite defects of our neighbour and rival, France, 
have failed to elucidate many of the obscure points 
connected with the subject now before us, and baye 
equally proved to be sources of difficulty in the adap- 
tation of modem refinements and improvements. After 
all, the common sense of engineering works is to deal 
with difficulties as they practically arise, without 
attempting either to establish any absolute theories, 
or to lay down any absolute laws. 

282. Within a very recent period the sewerage of 
towns, as we now understand the phrase, can hardly be 
said to have been effected in any systematic manner; for 
the domestic arrangements of former generations were 
not such as to render it necessary to make special provi- 
sions for the removal of house drainage or of house 
refuse, by means of water. It was not,, indeed, until the 
recent extension of the system of private water supply, 
and the general introduction of water-closets, both of 
which improvements in the details of daily life may be 
considered to date from the present century, that the 
want of an extended system of street and of house 
sewers made itself felt. Originally sewers were, as 
their name implies, the channels through which the 
land waters penned back by the tides, were at certain ' 
periods discharged through the banks, or sea-weirs, 
thrown up to prevent " the raging waters of the tides 
from overflowing the land ;" and it is to be remarked 
that until within a very few years the word " sewer '* 
was commonly written and pronounced " shore." The 
enormous quantities of water, however, supplied to 
modem houses have rendered it necessary to provide 
special means for the removal of such of them as had 
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discharged their functions in domestic economy ; and 
thus eventually the relative proportions of land and of 
house drainage in towns have become entirely reversed. 
In fact, the land drainage, in such cases, is irregular 
in its character, and at times it ceases entirely to supply 
anything at the outfall ; whilst the house drainage is 
permanent in its action, and yields nearly the same 
quantities in dry as in wet seasons — in summer as in 
winter ; indeed, if any remark can be made on this sub- 
ject, it would be that the house drainage is most likely 
to be odious when the land drainage entirely ceases to 
act upon the outlets. The ancient legislation upon the 
subject of sewerage was based upon the conditions of 
the preponderating importance of land drainage ; and 
according to it, the discharge of foul house waters into 
a regular sewer was strictly forbidden, and punished 
very severely when discovered. Even so late as 1830, 
the prohibition against connecting house and street 
sewers was rigorously enforced in parts of London; 
and even at the present day, in Paris, it is only by 
tolerance that the surplus waters of the cesspools are 
allowed to overflow into the public sewers. But the 
advantages of the modem system of carrying off house 
refuse, by means of the waste waters of the houses 
themselves, are so great, that it is impossible long to 
resist the extension of the modem system; and, as 
sooner or later the sewerage and drainage of every 
large town must be carried out in a manner analogous 
to that lately adopted in our own Metropolis, it becomes 
important, firstly, to ascertain the laws which regulate 
the flow of water towards the town drains; and, 
secondly, to discuss the best methods of disposing 
of the contents of the latter, so as not to create a 
public nuisance. 

288. Some modem writers upon the branch of 
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hydraulic engineering immediately before us have 
affected to resume the principles which should guide 
our practice in the matter, by saying in an epigram- 
matic form, that " all the rainfall is due to the rivers, 
and all the sewerage (or sewage, as they are pleased to 
call the house refuse) to the land/' This is but a 
paradox, and like all paradoxes it contains a germ of 
truth ; but if it be, as no doubt it is, desirable that the 
bulk of the rainfall of any particular place should be 
poured into its natural water-courses, and if it be 
desirable that none of the fertilising prox>Aties of 
house sewerage should be lost, there still remains the 
great question, — How is all this to be effected with 
due regard to economy ? The practical result of any 
attempt to separate the two systems of sewerage would 
be to render inevitable the construction of two systems 
of drains ; and though unquestionably there may exist 
some circumstances which may render it doubtful 
whether the concentration of the two descriptions of 
waste water in the same discharging drains be, or be 
not, desirable, it must be evident to every unprejudiced 
observer that no inflexible riile can exist in such cases. 
In fact, the course which might be advisable in one 
case maybe highly objectionable in another, on account 
of the differences in the nature of the soil on which the 
town is built, of its configuration, of the character of the 
outfall, and of the character of the country around the 
town and around the outfall itself. Every case mnst 
therefore be dealt with on its own merits, and every 
attempt to lay down inflexible laws on the subject 
must be regarded as sheer empiricism. 

284. As we have seen, the conditions to be observed 
in designing a perfect system of town drainage, are, 1®, 
that the whole of the surface and land waters should 
be removed ; and, 2% that the house refuse should be 
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canied away efifectually and inoflfensively. The attain- 
ment of the latter condition will^ depend upon the 
greater or the lesser abundance with which the water 
supply of a town is eflFected ; and thence it may abnost 
be inferred that unless a good supply of water should 
exist, it would be inexpedient to attempt to introduce 
a system of house sewerage. As to the quantities of 
the land, and house waters, they must depend, in the 
first place, upon the rain-fall, and the other natural 
hydrographical peculiarities'of the town, that is to say, 
upon the springs or watercourses it may contain ; and, 
in the second place, upon the number of inhabitants 
per house, and the maximum rate of consumption of 
water. In England, for instance, there are rai*ely 
more than six inhabitants per house ; whilst in France 
and in Scotland that number will at times reach forty, 
or even fifty. A moderate supply of water may be 
reckoned to require about from 20 to 40 gallons 
per head, per day ; and of this quantity about ^ will 
generally find its way into the sewers. Those chan- 
nels, if they should be designed to carry off all the 
waters from the town under consideration, must be of 
sufficient capacity to discharge a volume of water 
calculated upon the above data; together with any 
storm waters which are likely to flow into the channels. 
It has been observed that the greatest flow of house 
waters, in the sewers themselves, takes place between 
the hours of 11 and 1 ; and that in each of those hours 
the average flow is about -g- of that of the whole day ; 
though as Mr. Phillips appeared to be seeking, on the 
occasion of his giving the evidence from which the 
above rule was deduced, to influence the opinions of 
those whom he was addressing in favour of small 
drains, it is advisable to adhere to the more generally 
received opinion that it is preferable to reckon upon 
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carrying off, in each of the hours of greatest flow, at 
least ^ of the total quantity of the house sewerage. 

285. The quantity of storm or of land waters to be 
carried off by a system of sewers, is even a more 
important element than the quantity of house water, 
in the calculations to be made in such cases; and 
whatever may be the precise amount assumed to be 
likely to find its way into the sewers, the latter must 
be made of such dimensions as to allow of its easy 
discharge simultaneously with that of the greatest flow 
of house sewerage. The rain-faU of the different 
parts of any large country, as is well known, varies in 
a very marked manner, on account of the atmospheric 
currents to which it maybe exposed, and it is therefore 
necessary, before attempting to settle the dimensions 
of a system of sewers, to ascertain the maximum 
quantity they may be thus called upon to discharge ; 
and as the sewers ought to carry off any ordinary 
floods, or storms, it follows that the observations on 
which such calculations are based, must extend over 
a very long period. Now, it is generally admitted by 
meteorologists that, although torrential rains occur 
with the greatest frequency in countries situated near 
the tropics, countries situated in higher latitudes are 
also occasionally exposed to their action. Thus, at 
Bome, where the average annual rain-fall is about 2 feet 
8 inches, showers of 17 hours' duration, and yielding 
5 inches of rain, have been observed; whilst at 
Marseilles, in a shower of 14 hours' duration, no less 
than 13 inches of rain have fallen, and at Aries, which 
is situated rather more inland than Marseilles, as much 
as eight inches have fallen in 12 hours. The greatest 
rain-faU recorded as having taken place at Southampton 
is about 2 inches in 10 hours ; but in London, storms 
have occurred which have yielded as much as 4 inches 
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of rain in 2 hours, or 2 inches per hour. Unquestion- 
ably the latter observation must have been influenced 
by some very exceptional phenomenon, perhaps by 
something in the nature of a water-spout; but it 
appears from numerous other observations in England, 
that storms of equal violence with that recorded as 
having occurred at Southampton, are of sufficiently 
frequent occurrence to justify the assertion of the rule 
that, " when sewers are constructed to carry off storm 
waters in addition td the house waters of a district, 
they must be made of such capacity as to discharge a 
proportion of a 4-inch rain-fall in 34 hours, varying 
with the character of the district.'' 

286. The variation thus alluded to depends upon the 
relation between the quantities of water falling upon 
a given area, and the quantity flowing off the same 
area, and this relation will, in its turn, depend greatly 
upon whether the district under consideration be urban 
or rural ; and in the former case, upon the configura- 
tion of the surface, and the degree of .permeability of 
the soil. It is usually calculated that in open country 
districts, where the soil is of a loose, permeable tex- 
ture, only about ] of the rainfall finds its way directly 
into the superficial water-courses ; whilst in ordinary 
country towns about J of that quantity are estimated 
to flow at once into the sewers ; and in larger towns, 
where the drainage is generally speaking most effectu- 
* ally carried into execution, and where the majority of 
the streets are paved, it is safer to calculate upon the 
basis that -I of the total rain-fall will immediately find 
their way to the sewers. The results which would be 
arrived at upon these calculations are, it must be 
observed, far in excess of those which would follow 
from the application of the laws laid down by the 
referees of the Metropolitan Board of Works upon the 
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great drainage scheme ; for the referees seem to have 
considered that it would be sufficient to provide sewers 
able to actually carry off, in six hoiu's, about ^ of an 
inch rainfall, in addition to the maximum house flow ; 
but they calculated upon the excess of the rain-fall, 
beyond this quantity, passing at once into the Thames 
through a series of storm overflows. 

287. A point of equal importance with that of the 
sizes of the arterial sewers of a town is the one con- 
nected with the outfall and the mode of disposing of 
the sewerage when brought there. Hitherto the public 
authorities charged with the execution of this description 
of works have contented themselves with pouring the 
waters collected by the sewers into the natural outfalls or 
drainage channels of their respective districts; but the 
constantly deteriorating quality of town sewerage, so f& 
as it is able to affect public health, and its increasing 
value as a means of manuring land, have led to much 
discussion and to many partially successful attempts 
to obviate on one hand the nuisance, and on the other 
to appropriate the fertilising powers said to be now 
wasted. Two methods of effecting these objects have 
been brought of late prominently before the public : 
viz. the method of distributing the sewerage over 
agricultural lands by a system of irrigation, and the 
method of precipitating in a solid form the matters in 
suspension in the sewerage; and as the partisans of the 
respective systems have succeeded in diffusing some 
very incorrect opinions as to their merits, it may be 
advisable to dwell a little upon the subject. 

288. In the method of disposing of town sewerage 
by a system of irrigation it is essential that some 
means should be adopted to exclude storm waters from 
those supplied by the house drains, because the regu- 
larity in the composition of the irrigation waters is one 
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of the most important conditions of their permanently 
successful action. Unless, therefore, the sewerage of 
the town supposed to be thus treated be entirely sepa- 
rated from* the land drainage, by the execution of an 
entirely distinct series of channels, there must be pro- 
vided some description of storm overflow, and in such 
a case it would be impossible to say that the nuisance 
arising from the discharge of the sewerage into the 
water courses had been obviated. This is far from 
being a hypothetical inconvenience, for in the case of 
the town of Rugby actions at law, on account of the 
damage done by storm waters overflowing from the 
sewerage outfall constructed for the purpose of a dis- 
tribution of the town refuse by irrigation, have been 
maintained, and the town has been compelled to erect 
a series of filter beds in order to mitigate the evil thus 
created. But even should there be no reason to fear 
the contamination of the water-courses in consequence 
of occasional overflows, the irregularity which would 
prevail in the quantity and quality of the sewerage to 
be pumped must always complicate the question of its 
distribution in this manner, for the delivery pipes and 
the engine power must be adapted to the maximum 
duty they may have to perform, rather than to the 
average duty. It is to be observed also that a system 
of irrigation, whether by means of sewerage or of any 
oJther waters, can only be applied upon grass lands 
with any economical advantage, in our latitudes at 
least ; and that one of the essential conditions for its 
success is that the land upon which it is applied should 
be adapted either by its configuration, by its natural 
porosity, or by the execution of a complete subsidiary 
system of thorough drainage for the rapid and com- 
plete removal of the waters furnished by the irrigation. 
Moreover the land upon which the sewerage waters 
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are thus proposed to be poured, should be situated at 
a lower level than the outfall furnishing those waters ; 
so that unless great natural facilities should exist/ the 
application of this irrigation system must -be accom- 
panied, as in the case of Bugby before mentioned, by a 
costly series of. pumping and distributing works. In 
this particular instance of Rugby the waters are pumped 
from the low-lying outfe^ of the town upon some very 
porous higher land, principally laid down in grass, and 
are distributed over it through a series of cast iron 
mains, stand pipes, and flexible hose; but although 
the works have been designed, and are conducted, 
with great practical skill, it is more than questionable 
whether the results obtained by this system of irriga- 
tion are superior to. those which would be obtained 
by an irrigation with ordinary river water; and it is 
tolerably certain that the benefit gained is not equiva- 
lent to the outlay and the working expense the system 
involves. The spirited proprietor of the Rugby Works 
pays a rent to the town for the sewerage waters ; in 
justice he ought to be paid for receiving them, for were 
he not a wealthy man the operation itself would be 
ruinous. 

289. A great deal of importance was attached by 
the authors of the various Reports, issued some years 
since by the late General Board of Health, to the 
results obtained at Edinburgh from a partial applica- 
tion of a system of sewerage irrigation, and to the 
assumed confirmation of the theories they had endea- 
voured to diffuse upon the merits of such a mode of 
disposing of town refuse, by the results of the irri- 
gation effected in the immediate neighbourhood of 
Milan. But it must be observed, with respect to the 
irrigation of the neighbourhood of Edinburgh, that, 
firstly, the operation was effected by merely allowing 
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the sewerage waters to flow by gravitation over a dis- 
trict composed of a light open sand, through which the 
water easily permeated, without any artificial drainage; 
and thai, secondly, the habits of the dwellers in the 
particular part*of Edinburgh where this experiment 
was tried were not similar to those of the majority of 
English cities. In fact, the waters distributed in this 
particular case were rather drainage waters than sewer- 
age waters, as the term is usually applied ; and they 
were neither obtained in the quantity, nor were they 
of the quality, which would have to he dealt with in 
ordinary En^ish towns, where copious water supplies 
and a complete system of impermeable sewers now 
exist. The very nature of the ground, moreover, 
upon which the Edinburgh sewerage is poured tends 
to render the operation less objectionable than it would 
be in ordinary cases ; but even upon it the gradual 
accumulation of decomposing and fertilising matter is 
productive of very serious annoyance, which would 
become intolerable in any less exposed situation than 
the one occupied by Edinburgh upon the shores of the 
Firth of Forth. No doubt the barren sands of this 
particular place have been rendered extremely valuable 
by the application of the sewerage waters ; but unless 
such land should exist in the immediate vicinity of a 
town, and unless there should also exist very efficient 
natural means of ventilation, it is more than question- 
able whether the system, which has answered so well in 
this case, would be likely to succeed as well elsewhere. 
Certain it is that the system applicable to the sandy 
fields between Edinburgh and Leith would not be 
applicable to the clay lands round London, or round 
towns situated under similar geological conditions. 

290. As to the irrigation of the country round Milan^ 
it differs so essentially from the irrigation which 
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would be eflfected by the application of any English 
town sewerage, that it must always be a matter of 
Burpi'ise that our authorities should have cited it as 
furnishing anything like a parallel illustration of the 
theories they sought to establish. It is notorious, in 
fact, that the details of the sedility of Italian towns are 
so essentially different from those of our own country, 
that it is absurd to draw any common inference from 
conditions so dissimilar. No doubt the waters of the 
Navigho Grande, and of the other Milanese canals, 
take up considerable quantities of organic matters 
during their course through the town ; but the relatiTe 
proportions of the fertilising liquids and of the pure 
water in those canals, after leaving the town, are, from 
the habits of the Milanese and the municipal regula- 
tions enforced amongst them, only slightly different 
from those which might be discovered in the same 
canals before they received the drainage from the 
streets and houses. There is, in this case, a great 
quantity of water and a very small quantity of sewer- 
age ; whereas at the outfalls of the sewers of English 
towns the organic matters furnished by the houses are 
notably present in very great quantity. A comparison 
between the irrigation of the neighbourhood of Milan, 
and that which might be effected near any well-sewered 
English city is simply impossible; and it certainly 
would be more rational to compare the irrigation of 
such a disti'ict as that of the basin of the Itchen with 
the irrigation of the lower Milanese, than to attempt 
to draw from the latter any illustration of what could 
be effected at the outfalls of the sewerage of such towns 
as Manchester, Norwich, &c. An irrigation by means 
of ordinary river water, or at any rate by means of the 
tidal waters flowing in such creeks as the Counters 
Creek, on the banks of the Thames, would be quite as 
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advantageous as the irrigation carried on below Milan; 
and it is worthy of remark that, in the later days of 
the London Sewerage Irrigation Company, the pumps 
actually distributed in Fulham Fields the waters drawn 
from the tidal stream flowing in front of the works. 
It is curious, and perhaps the fact itself may have an 
extraneous importance, as it shows how utterly incom- 
petent the parties who wrote the Reports of the late 
General Board of Health, to which reference is thus 
made, were to observe#the facts before them, that the 
Marcite of Northern Italy, cited by them as proving 
the advantages of an irrigation by town sewerage, are 
precisely the meadows irrigated by springs which have 
never been susceptible of contamination by intermix- 
ture with the waters flowing either above or below the 
surface of any town district. The wonderful results 
obtained by the application of irrigation in the neigh- 
bourhood of Milan, therefore, prove that in warm 
climates water alone is an invaluable fertiliser; the 
same law prevails even in our own countiy, and it 
cannot be too often repeated that we, in England, are 
very far from deriving all the benefit of this descrip- 
tion we ought to do from our rivers ; but these facts 
prove nothing either for or against the system of irri- 
gation by sewerage waters, and the application of such 
a system must depend upon many very complicated 
local considerations connected with the quality of the 
waters to be distributed, and the chemical nature and 
the physical configuration of the district to be operated 
upon. 

291. Until within a very few years, the system adopted 
in Paris, the self-styled centre of European civilisation, 
for disposing of the feccal matters we in England 
cast with profligate waste into the ordinary water- 
courses of the country, was in fact an organised nuisance 
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of the foulest and most gigantic description. The 
night-carts, in fact, discharged their contents into a 
series of basins at Montfaucon, close to the barriers 
of Paris, on the north-east corner of the town ; and 
there the said contents were allowed to desiccate by the 
simple action of the sun and wind, giving off, of course, 
during the operation miasmas of the most repulsive 
character. Some of the best quarters of Paris were 
within range of these miasmas, and some of the largest 
hospitals of the town were equally within their influ- 
ence ; and fearful indeed were the ravages of gangrene 
amongst the patients, when the wind set towards the 
hospitals from these huge collections of filth. At 
last the municipality of Paris has, however, been com- 
pelled to make a change in this matter ; and it may be 
suspected that the daily extending application of the 
water-closet system has had much to do with the 
alteration. The system now adopted is to bring all 
the carts to a large covered building near La Villette, 
and there the more solid matters obtained from ordi- 
nary cess-pools are at once loaded into covered barges ; 
whilst the more liquid matters are received into large 
reservoirs, to be thence pumped to an establishment 
situated at Bondy, at a considerable distance from 
Paris, where both the solid and the liquid matters are 
treated for the purpose of being converted into a manure, 
which is highly esteemed in France, and sold under the 
n&me o{ poudrette. This conversion into a manure is 
effected by a company, and it pays to the town of 
Paris no less a sum than £5400 per annum for the 
materials thi^ supplied to it ; but it is not to be in- 
ferred from this fact that the inhabitants of Paris are 
gainers to the apparent extent indicated by the sum 
above quoted, for the householders are obliged not 
only to incur a very heavy outlay for the construction 
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of the ceBs-pools, but also to pay very heavily *f or their 
being opened and emptied. When, in addition to this, 
the expense to the town of pumping the sewerage mat- 
ters to Bondy is taken into account, it must be reason- 
able to suppose that the ultimate cost of the French 
system of dealing with those matters is at least as costly 
as the one adopted in our own country. As to the nui- 
sance, both in private houses and in the manufacture 
of the manure, there cannot be a shadow of a doubt 
as to the superiority of the system of removing house 
refuse by means of water ; provided always^that means 
are at the same time adopted for preventing the latter 
from becoming in themselves sources of nuisance, 
such as were formed at Croydon, Southampton, Hitchin, 
Sandgate, Epsom, &c. It is strange, however, and 
worthy of more than a passing remark, that the highly 
educated, but centralised body of Engineers who guide 
the proceedings of the municipality of Paris, were 
precisely the men who retained as long as they pos- 
sibly could do so, the barbarous system of Montfaucon, . 
with all its gigantic evils ; whilst every real improve- 
ment in this important section of the duties of tlie 
sedility of towns has been introduced and carried into 
effect in our own country, where the profession of 
engineering is open to the whole world, and, until 
within a very short period, wthout any intervention on 
the part of the State. 

392. The results of the pumping operations between 
La Vilette and Bondy would merit consideration from 
those of our municipal authorities who are likely to 
encounter similar difficulties ; and at the precise period 
of the publication of this Treatise the attention of the 
Metropolitan Board of Works might be especially 
directed to them. The pipe between the extremities 
of the Paris works is about 6i miles in length, and of 
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1 foot diameter, along which the liquid sewerage is i 
forced by means of a steam engine working some force 
pumps, at the rate of about 131 cubic yards per hour. 
Very little difficulty arises in practice, from the cha- 
racter of the materials thus driven along the pipe, and 
the interposition of two coarse strainers in its length 
is found to be sufficient to guarantee it from becoming 
choked. A short account of the works thus referred to 
will be found in the '' Annales des Fonts et Chaussees " 
for the year 1854. I 

293. The method of precipitating the fertilising pro- 
perties of the town sewerage in a solid form has been 
applied, in our own country, in several modes which may 
summarily be described by saying that they consist either 
in a mere mechanical separation of the solid bodies in 
suspension by a kind of rude filtration in the style 
adopted at Ely, or in a rude precipitation of the sus- 
pended, and of some of the dissolved matters, in the 
style adopted at Leicester. The Ely system may be tole- 
rated for a time in the case of a small town discharging 
its waters into a stream of considerable volume ; but as 
even the most perfect filtration of sewerage waters must 
still allow the waters impregnated with the ammoniacal 
matters they contain to pass into the outfall, not only 
must such a filtration fail to arrest the most valuable 
ingredients of town sewerage, but it must also leave 
the waters in a state nearly as objectionable as that in 
which they were before being filtered. At Leicester, 
the operations of the Patent Manure Company were 
conducted upon a much bolder, and apparently upon a 
far more logical system, than in any other case, but the 
practical results of the experiment have been commer- 
cially disastrous in the extreme. The system adopted 
there was to lead the town sewerage into a series of 
basins where it was mixed with a quantity of the milk 
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of lime, and allowed gradually to deposit or to preci- 
pitate the matters that agent was able to separate; 
according to the dilution of the sewerage matters the 
waters remained a greater or lesser period in the depo- 
siting tanks, and from them it flowed apparently and 
practically clear into the water-courses of the district. 
It was originally supposed that the solid matters thrown 
down in this manner would constitute a valuable 
manure, and that its sale would cover the expense of 
the operation ; unfortunately however, the manure thus 
obtained has so very small a commercial value that it 
is hardly worth removing, and no demand for it can be 
said to exist. In fact, the failure of the Leicester 
sewerage operations, in a commercial point of view, 
has been even more decided than that of the irrigation 
works at Bugby. There can be no doubt of the com- 
plete success of the Leicester system, so far. as the 
purification of the water is concerned; but hitherto the 
operation has been very far indeed from being self- 
supporting. 

294. Although so little success has hitherto attended 
the efforts of those who have attempted to convert 
town sewerage into a remunerative article of commerce, 
there can be no doubt of the moral obligation of all 
municipal bodies, or private parties, to intercept the 
passage of bodies likely to contaminate the natural 
water-courses of the district in which the outfall of 
their sewerage is situated. The fulfilment of this obli- 
gation is a mere matter of expense, and no considera- 
tion of this description ought to be allowed to stand in 
the way of the prevention, or the removal, of a great 
public nuisance; and it is to be observed that the evil 
arising firom the discharge of sewerage into the streams 
or natural drainage outfalls of the country is one of a 
continually increasing magnitude. Not only indeed is 
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there a tendency on the part of modem civilised society 
to throw upon the sewers of towns duties or functions 
performed, even within a very recent period, by other 
means; but the importance of the water-courses as 
sources of water supply increases with the very demand 
for water occasioned by the same proceedings which 
tend in their turn to increase the quantity, whilst they 
deteriorate the quality, of the sewerage. In cases 
where the flow of the water is all in one direction there 
may be less immediate danger in discharging sewerage 
into the ordinary outfalls of the district, than there is 
when the removal of the refuse is opposed by artificial 
or natural impediments to the flow, as for instance by 
locks, wears, or by tidal action. But even in such cases, 
or in the more striking ones where the discharge of 
the sewerage takes place upon the sea shore, the evils 
arising from the partial retention of sewerage matters 
are so great that it becomes the duty of the English 
legislature especially to provide some more efficient 
method than now exists of compelling the nmnicipal 
bodies entrusted with the management of the sewerage 
to fulfil their duties in this matter. One of the most 
serious mistakes of the leaders of the late General 
Board of Health consisted in fact in the urgency with 
which they recommended and enforced, as far as they 
possibly could, the adoption of the water-closet system 
without providing for the disposal of the refuse thus 
removed. 

895. The nature of the soil of a town (referred to in 
§ 291. as being likely to affect the details of a system 
of sewerage) may influence the dimensions, and the 
materials to be employed, according as it may faci- 
litate or impede the escape of land-waters or springs* 
Thus in many parts of London, and also in the neigh- 
bourhood of Southampton^ there exist small elevations. 
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tbe surface strata of which consist of an impermeabie 
brick earth, lying upon a stratum of gravel and sand, 
which in its turn, caps the stiff retentive blue clay of 
the English tertiary series. In many cases the upper 
stratum of brick earth is wanting, and the gravel forms 
the immediate surface stratum ; whilst in others agsdn, 
both the brick earth and gravel are wanting, and the 
blue clay is entirely exposed. Now, if in such a dis- 
trict as either of those named, a large area should 
be found presenting a section like that of Fig. 1, in 




which the portion between b and c would represent 
the brick earth ; the lightly-shaded part between a b 
and <:; d, the gravel ; and ^e dark lower stratum, the 
blue clay; the drains of the respective portions on the 
longer slope towards c d e would require to be adapted 
to very variable conditions. Thus, the drains and 
sewers between b and o need only be made of such 
dimensions as should effectually suffice to remove the 
surface, and the house waters supplied by the district; 
but those to be formed between c and d, and still 
more decidedly those to be formed below d, must be 
able not only to discharge the waters poured in from 
the upper district, and their own sewerage, but also td 
discharge the waters which filter through the exposed 
surfaces of the gravel, and^naturally discharge them- 
selves in the greatest abundance near p. Near Lon- 
don the exposed surfaces of gravel are generally bo 
small, that the water yielded by them does not require 
to be taken into account ; for the dimensions usuallj 

o 2 
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given to the sewers, in order to enable them to carry 
off storm-waters, are more than sufficient to relieve 
the strata traversed by these springs, which are neces- 
sarily characterised by a certain degree of regularity 
in their flow. At Southampton, however, the extent of 
the superficial gravel isf, proportionally, much greater ; 
and it is found in that town that, after a continuance 
of wet weather, the whole of the lower portions of the 
gravel become charged with water to such an extent 
as to inundate the basements situated below the level 
of the natural ground, unless in such places as possess 
sewers large enough to furnish a permanent outlet for 
the subterranean waters. 

296. In some parts of Paris the same phenomena 
occur on a larger scale, and with greater irregularity 
than in the cases above cited. A considerable portion 
of Paris is, in fact, built upon a surface which ori^ally 
constituted a marshy plain between the river and the 
hills of Belleville and Montmartre. The low lands of 
this district are composed of a calcareous formation, 
called geologically the lower fresh-water limestone, 
which allows water to infiltrate with great difficulty; 
whilst the hill sides are formed of the gypseous 
deposits with their associated marls, capped by a deep 
stratum of sand and permeable sandstone, or occa- 
sionally by the upper fresh- water limestone resting on 
these sands and sandstones. These sands occupy a 
considerable breadth of the country in the direction 
towards Belleville, and they consequently receive a 
copious supply of water during the rainy seasons. At 
the same time the various hills present steep escarp- 
ments, so that the storm-waters falling upon them can 
escape with great rapidity, giving rise to occasional 
floods of great violence. . In order, therefore, to obviate 
any inconvenience from these circumstances, the inter- 
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cepting culvert, executed along the line of the greatest 
depression of the low lands, has been formed of much 
larger dimensions than the area it immediately drains 
would appear to require. In spite of this precaution, 
it is by no means a rare occurrence that the basements 
of the part of Paris, near the Sgout de ceinture, are 
flooded during the rainy season, or on the occasion of 
violent summer rains. It is worthy of remark, that 
the Cloaca Maxima of Bome was also designed, more 
for the purpose of relieving the subterranean waters of 
the low grounds between the seven hills, than for the 
discharge of the surface drainage. 

297. If the geological structure of the soil of a town 
appear thus, in some cases, to increase the difficulties 
in the way of the execution of its sewerage, there may be 
other cases in which it would produce precisely opposite 
results, so far at least as the removal of surface waters 
is concerned. Thus in Weymouth, the portion of the 
town constituting the ancient borough of Melcombe 
Begis, is constructed upon a bed of shingle, which is 
in fact nothing more than a bar thrown across the 
mouth of the Wey. In order to remove the surface 
waters of this town, all that is required to be done is 
to form openings from the paved roads or courts into 
this shingle — absorbing wells in fact — and the waters 
immediately sink to the level of the sea. In some 
parts of Liverpool also, advantage is taken of the 
absorbent nature of the gravel to allow the surface 
waters to escape by filtering into it ; for occasionally 
the lower portions of the drains were formerly executed 
with bricks laid dry, whilst they were only set in mortar 
in the upper portions. Absorbing wells have, indeed, 
been frequently used for the purpose of disposing of 
local drainage in gravelly and in fissured limestone 
districts ; and an attempt was even made to get rid of 
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ibe foul waters of one of the Paris abattoirs by a well 
of that description; but as such absorbing wells 
must eventually contaminate all the ordinary wells 
deriving their supply from the water-bearing stratum 
thus communicated with, it seems to be almost impe- 
rative upon the guardians of the public health to pre- 
vent the execution of such wells, notwithstanding the 
private benefits they may occasionally confer. 

^98. The configuration of a district (under which 
term are comprised the general conditions of its divi- 
sion into subordinate districts of hill and dale) will also 
influence the details of the system of sewerage to be 
adopted, insomuch as it may affect the niunber, dimen- 
sions, inclinations, and directions of the main sewers. 
New and distinct outfalls may be required for the several 
portions ; and as in many cases, in towns situated upon 
the banks of tidal rivers, one part may possess a con- 
stant discharge by gravitation, and the remainder may 
•nly have an intermittent, or. even an exclusively arti- 
ficial, outfall, it may be requisite even to treat the 
various portions of such towns in very different man- 
ners. The great scheme for the improvement of the 
London sewerage may be referred to as an illustration 
of the practice of the ablest engineers in such cases, 
naad much useful information with respect to the prin- 
€%>les of town drainage may be obtained from the 
various discussions which have taken place on the sub- 
ject; and perhaps more information is to obtained 
from these discussions than is usually the case, on 
account of the extraordinary amount of passion and 
jealousy exhibited during their progress. The following 
seem to be amongst the most important lessons to be 
derived from the investigation, 

299. In towns presenting the configuration recently 
described, that is to say, having a considerable portion 
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of their area situated npon rising gronnd, and the 
remainder either upon the lerel of high tides, or below 
that line, it is advisable to adopt the course usually 
followed in draining important agricultural districts, or 
to form a large intercepting drain which should carry 
off the waters from the higher grounds, in a permanent 
manner, so as not to throw anything into the drains of 
the. lower district; and then to deal with tiie waters of 
the lower districts, either by permitting an intermittent 
tidal discharge, or by raising them mechanically in a 
continuous manner. No doubt there would be economy 
in the introduction of an intermittent, or half tide 
discharge of the sewers, but such a system is objection- 
able, first, because it would render necessary the 
eonstruction of sewers large enough to contain the 
waters ponded back between the periods of discharge ; 
and secondly, because if a storm should occur during 
the period of the retention of the waters, the basements 
of the houses in the district would in all probability be 
inundated. Practically it would appear that it would 
be preferable in such cases to provide at once for the 
artificial relief of the drainage of the low-lying districts, 
and to design the pumping ajyparatus required for that 
purpose upon the supposition that it should be able to 
raise to the permanent natural outfall in a constant 
equable manner, the maximum quantity likely to find 
its way into the sewers. The conditions it is subse* 
quently necessary to take into consideration in settling 
the dimensions of sewers, may be thus enumerated : — 

1. The area of the district to be relieved. 

2. Its population, both actual and prospective. 

S, The amount of sewerage furnished by the district ; 
and this, it is to be observed, is calculated, in 
London, at the average rate of from 5 to 7 cubic 
feet per head of the peculation, i>er day. 
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4. The rain-flow to be removed, calculated at the rate 

of i'' in M hours in the higher, and of iV of an 
inch in the lower districts. 

5. The rain-flow and sewerage combined. 

6. The accumulated amount of rain-flow and sewerage. 

7. The length of the sew^r, in portions, in order to 

accommodate its dimensions to the work required 
to be performed in such district. 

8. The level of the invert of the sewer, its inclination 

and diameter, in so far as they are likely to affect 
the rate and conditions of the flow of the sewerage. 

It may here be added that Mr. Hawkesley, (by hx 
the best authority on the subject, practically and theo- 
retically,) gives as a rule for calculating the diameter 
of sewers in town districts, when the number of acres 
to be drained = A, and the rate of inclination in feet 
per mile of the sewer, = w, were previously known, 
the formula 3 log. A + log. w + 6*8 = hg. of dia- 
meter of the sewer in inches. The constant 6*8 may 
be increased if the inclination of the surface should 
naturally be slight. 

800. It is essential to observe, in the construction of 
sewers designed to hold water during any definite part of 
the day, that they should be made of sufficient strength 
to resist the maximum hydrostatic pressure produced 
by the water flowing from the higher portions of their 
contributing area. As a general rule, however, sewers 
are more likely to fail by the pressure from without, 
than from the internal pressure ; and it thence follows 
that the mode of executing the foundations, and the 
capabilities of the materials employed to resist a 
crushing weight, must be carefully examined. It is 
usually considered advisable to place the main sewers 
of a town about from 10 to 12 feet below the surface of 
the streets, and under these circumstances it is requi- 
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site to allow for the dead weight of the earth, and for 
the concussions which may be produced by any passing 
load. The usual thickness adopted for the main 
sewers of London, is either 18 or 22]|- inches, and for 
the submains 9 inches, at the crown, according to the 
diameter, and to the distance from the surface ; but 
naturally this dimension is regulated by the quality 
of the bricks or other materials used, and by the 
transverse section of the sewer. 

301. The principles which should guide the decision 
as to the transverse section, are, primarily, that the 
smallest possible wet contour should be presented in 
proportion to the area of the water flowing at various 
periods in the sewer ; and, secondarily, that the section 
should be such as can easily be examined and repaired. 
The ordinary London submain sewers fulfil these con< 
ditions in a very remarkable manner, and they may be 
thus described. Their heights, from invert to intrados, 
vary, according to the extent of the area, from 4 ft. 
9in. to 4ft., dft. 9 in., 3 ft. 6 in., and3ft. 3in.; and 
the widths vary from 3 feet in the larger to 2 feet in 
the smaller sewers : the upper parts are semicircular, 
the inverts are portions of circles of 18 inches in dia< 
meter, and the sides are portions of curves tangential 
to the inverts and crowns. In such sewers, which, in 
fact, roughly approach the form of an egg placed on its 
major axis, the frictional surface, in proportion to the 
average hydraulic depth, is very small, and, on an 
emergency, it would be possible to send a workman 
down either of them, though of course it would be 
essential to take precautions against the effects of the 
foul air which might accumulate in them. The large 
main sewers of London are formed nearly upon the 
same principle, and of a similar section to the sub- 
mains ; but in Paris the engineers still adhere, as far 
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•as possible, to a rectangalar section. It may be as 
^ell here to state that the junctioxis of the sulmiains 





"vrith the great arterial sewers are always made portions 
•of circles on plan, and that the levels of the axes of the 
inyerts are kept on the same line. 

30^. A great deal of discussion has taken place of 
late with respect to the introduction of the glazed 
stoneware pipes, and, for a long time, it was even pre- 
tc(nded by the late General Board of Health, that no 
•other material ought to be employed, eyen for the sub- 
mains of the metropolis. These pipes were designated, 
no doubt, with the intention of creating a popular 
prejudice in their favour, as ^^self-clecmsing;" whilst 
the ordinary brick drains were as constantly called 
^* sewers of deposit." Time and practical observation 
have fortunately dispelled much oi the evil resulting from 
these exaggerations, and it is now generally admitted 
that, under the ordinary conditions which prevail 
in our English towns, pipe drains are preferable to 
brick ones, so long as the diameters do not exceed 
one foot in the clear ; that between one foot and 18 
inches diameter, local considerations of economy and 
of superincumbent pressure must decide the system to 
be adopted; and that above 1 foot 6 inches in diameter, 
there can be no hesitation in according the preference 
to ordinary brickwork^ oar to the use of inverts of a 
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peculiar shape formed of fireclay, or of the blue Staflford- 
shire ware. There is a question connected with the 
use of pipe-drains, which is still involved in obscurity, 
viz., whether or not the nonabsorbent quality of the 
ware of which they are made be an indispensable con- 
dition of their success ? and this question was raised 
with some degree of acrimony when the Aylesford 
pipes were first introduced into the London market. 
The stoneware drain-pipes made at Lambeth, it is 
known, are formed from a mixture of the clays of 
Dorsetshire and Devonshire, with broken shreds, and 
occasionally with sand and flint; and this mixture 
burnt at a proper temperature, yields a very dense, 
semi- vitrified, nonabsorbent material. The Aylesford 
pipes, on the contrary, are made from a clay containing 
a considerable proportion of carbonate of lime, and 
they cannot, therefore, be burnt to the same degree as 
the ordinary stoneware; but still they are burnt at a 
temperature which admits of their being salt glazed. 
From this circumstance the Aylesford pipes are much 
more absorbent than the stoneware pipes, and serious 
objections were on that account made to the use of the 
former. The truth of the matter appears to be that if 
the sewerage waters should be likely to remain long in 
contact with the drain-pipes, it would be preferable to 
use the nonabsorbent material, rather than the more 
porous one ; not only for the purpose of obviating any 
danger from the escape of the sewerage through the 
body of the pipe, but also because the stoneware pipes 
are less exposed to be acted upon than the Aylesford 
pipes would be, by the dilute acids, which are so 
frequently present in sewerage waters. If, however, 
there be a constant discharge, and a rapid fall in the 
drains, the Aylesford pipes would be preferable to the 
stoneware pipes, because they are less brittle, and less 
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exposed to distortion in the kiln. In fact, discretion 
is required in the selection of pipes, as in every other 
branch of engineering ; for occasionally even econo- 
mical considerations must be cast aside, as in the 
selection of drain-pipes, for some particular position, 
whilst in others it would be folly to allow other than 
economical considerations to influence the decision. 

303. For house drains the experience of engineers 
appears to prove that there is danger in using a smaller 
diameter than 6 inches, when more than one water* 
closet communicates with the drain ; and here again it 
is necessary to call attention to the mischief produced 
by the authorities of the late Board of Health, who 
originally compelled the use of 3-inch house drains — 
most of which have subsequently been removed. 
Wherever it is possible so to do, it is advisable to 
give pipe drains a fall of 1 in 48; but under extra- 
ordinary circumstances, and with a very good supply 
of water, a maximum inclination of 1 in 80 may be 
admitted for a 6-inch drain. It is to be observed, 
however, that these great inclinations are required, 
rather for the purpose of preventing the accumulation 
of deposit of a bulky and light nature, than of prevent- 
ing the deposition of heavier matters ; for a velocity of 
about 2i to 3 feet per second will suffice to carryfor- 
ward the matters ordinarily suspended in the waters of 
large sewers. Moreover, as the house drains fall into 
the sewers at a level which is only 1 foot above that of 
the axis of the invert (as a general rule), the rapid fall 
above described is required in order to protect the 
basements of houses from being flooded by any 
accidental accumulation of storm waters in the sewers. 

304. One of the most important precautions to be 
observed in the execution of a system of house drainage 
is that means should be adopted to prevent the escape 
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of foul air from the drains into the houses. All the 
descending pipes leading to the drains must be care- 
fully trapped ; but as the foul air would force its way 
into the rooms, through almost any description of trap, 
unless an escape be provided for it without the house, 
it is equally essential to provide an outlet for the 
gases of the drains. One of the most satisfactory modes 
of effecting this object is to connect a closely fitting 
rain-water pipe, finishing at a level higher than any 
portion of the inhabited part of the house, with the 
drains. In positions wherein the sewers are exposed 
to be tide-locked, it is more than usually necessary to 
observe the precautions above alluded to with respect 
to their ventilation. 

305. In addition to the remarks above made (§ 305.), 
on the transverse section to be given to a sewer, it may 
be added that the longitudinal fall must be at least 
such as to ensure a minimum velocity, in the water 
flowing in it, of 2 feet 6 inches per second upon the 
frictional surface. According, therefore, to the known 
laws of hydrodynamics, the larger the sewer, the less 
may be its inclination ; but practically it is found 
advisable to limit the longitudinal inclination of the 
submain sewers to 1 in 240. If it should be necessary 
to adopt a slighter inclination than this, it would be 
necessary to construct a number of side entrances, and 
even to provide flushing gates, in order to remove any 
accumulation of the solid matters which flnd their way 
into the sewers : and that there is danger from this 
source must be evident, on reflection, from the fact that 
in the London sewers even, where the flow of water is 
so enormous, there is at least 1 ton of manure suspended 
in every 266 tons of water, according to the calculations 
of Mr. Wicksteed ; and Mr. Austin said, in his evidence 
before the Commission on the Health of Towns, that 
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the proportion of solids to liquids in. sewers varies from 
1 in 96 to 1 in 36 ; and that from 1 to 6£ or 1 in 80 
is thB smallest proportion consistent with an easy 
maintenance of the cleanliness of the sewers. Mr. 
Wicksteed, in one of his valuable Reports, laid down 
some practical rules on the subject of the inclinalion 
of sewers which perhaps it may be advisable to insert 
here, as the results obtained by a capable observer from 
a very extended practice. After stating that in Ms 
opinion no house .drains should be made less than 
6 inches in diameter, and that no combined back drains 
should ever be made less than 9 or 12 inches in 
diameter, he observed that a velocity of 180 feet per 
minute, or 3 feet per second, would suffice to remove 
the deposit of large sewers, but that a velocity of 
320 feet per minute was required in pipe drains. He 
gave^ the following table of the diameters of circular 
sewers, with the velocities, and the gradients necessary 
to keep them clear: — . 



Diameter, 

4 inches. 



7 
8 
9 
10 
11 
12 
15 
18 
21 
24 
30 
36 
42 
48 
54 



99 



Velocity, feet per minute. 

a40 feet. 

2^0 » 

320 „ 

230 „ 

230 „ 

210 „ 

200 „ 

190 „ 

180 „ 

180 „ 

180 „ 

180 „ 

180 „ 

180 „ 

180 „ 

180 „ 

180 ,. 



Ontdient. 

in, 3& 

„ 65 

„ 76 

„ 87 

„ 98 

„11^ 

„145 

„175 

» 244- 

,,294 

„34a 

„392 

,,490 

,,588 

„ 686 

„784 



9) 



882 
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It will be observed that the velocities considered by 
Mr. Wicksteed to be desirable are greater than those 
admitted by other engineers ; but the inconvenience 
produced by the stoppage of sewers is so great, that it 
certainly would be preferable to err upon the safe side 
and to adopt the greater inclinations. 

306. In, concluding this portion of the Eudiments of 
Hydraulic Engineering, it may be advisable to repeat 
what has been in fact already frequently mentioned in 
the text, viz. that there are no invariable or inflexible 
laws with respect to the application of the abstract 
theoretical principles upon which the science itself is 
founded. Local circumstances must always be taken 
seriously into consideration, and must be. allowed their 
due weight, previously to deciding upon the details of 
any works for the purposes of drainage, irrigation, water 
supply, or sewerage. But after aU, it will be necessary 
to refer constantly to the general scientific laws ascer- 
tained by the observations and experiments of engineers 
and philosophers ; and these laws are, unfortunately, 
very different indeed from the crude fancies of the so- 
called sanitary reformers, who have lately presumed to 
throw doubts upon the observations of their prede- 
cessors, without being able themselves even to observe 
correctly. The best remedy to the evil produced by 
this official empiricism will be found in the study of the 
great masters of the science of hydraulics ; and for this 
purpose the reader is referred to the list of the most 
esteemed authors on that science, which will be found 
at the end of this series of Rudimentary Treatises* 
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